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I. 0?i the Method of the Leant Squares. By J. Ivory, Esq. 
M.A. F.R.S. 

^T^HE present advanced state of astronomy is to be ascribed 
chiefly to the precision of the theories, and to the great 
exactness of modern observations. But there is another cir- 
cumstance which has likewise contributed much to the same 
end ; and that is, the method of combining the observations 
so as to draw from tliem the most advantageous results. In 
general a very few observations are sufficient for approxima- 
ting to the quantity of an astronomical element with a consi- 
derable degree of precision. But the errors unavoidable by 
the most skilful observers must always leave some uncertainty 
in such determinations. The utmost precision can only be 
obtained by multiplying the observations, and by making a 
great nuiiibor, embracing every j)ossible variety of circum- 
stances, concur in the valuation of the same element. Astro- 
nomers accomplish this end by the use of equations of con-‘ 
dition. 

Let V denote an astronomical function, varying in different 
circumstances, but involving one, or several determinate ele- 
ments. Suppose that the values of the elements have been 
found nearly ; and let the corrections, or the differences be- 
tween the approximate and the exact values, be denoted by 
the small (juantities 7y, 2 , &c. : then if, for every element, w^e 
substitute the sum of the approximate value and the correc- 
tion, and expand into a series, neglecting the powers and 
products of the small quantities j/, z, &c., we shall obtain, 

V = + + + + &c. 

I^ct O be an observed value of V : if O were rigorously 
exact, we should have O = V ; but as every observation is 
liable to error, if we denote the error by c, we shall have 
Vol. 65. No. 321. Jan. 1825. A 2 0 + 
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O + <? = V. Wherefore, by substituting the development of 
V, and putting w = 0 — V', we shall obtain this equation of 
condition^ 

, ^ ss — -I- &c. 

Every observation will furnish a like equation. In tliis pro- 
blem, therefore, we have a system consisting of any number 
of equations, viz. 

e :=. — m ^ ax h y -\-cz &c. 

4- a!x + h^y -i-c'z H-&c. 
d'=z — ?«''+ a^^x 4- ^y^y -he'^z +&c. 

&c. 

And it is required to determine the corrections x, y^ Zy so 
as to make the errors Cy dy &c. either absolutely ecjual to 
zero when this is j)ossible, otherwise so that they shall be 
contained within the least limits. When the number of the 
equations is just equal to the unknown quantities Xy yy z, &c., 
the errors being supposed evanescent, the problem will come 
under the usual rules of algebra, and will admit of an exact 
solution. But in the cases that occur in practice, the num- 
ber of equations being greater than the corrections to be 
found, no mode of solution will entirely annihilate the errors, 
and w^e must be content with reducing them to the least pos- 
sible quantities. 

Cotes appears to have introduced the use of ecjuations of 
condition. In the most simple case of only one element, the 
system of equations is as follow^s, viz. 

c = ^ .r — m 
X — m' 

&c. 

Supposing every error equal to zero, C(»tes finds the several 
values of or, viz. , &c.; and, by applying these cor- 

rections, as many determinations of the clement are obtained 
as there are observations. Now, let all the values thus found 
be set off, on the same side, from a given point in a straight 
line ; and let the weights at, a'y &c. be appended to the 
extremities of the several parts ; then the distance of the cen- 
tre of gravity of all the weights from the given point wull, 
according to Cotes, be the most advantageous value of the 
element. By this process the correction to be added to the 
approximate element comes out equal to 

VI 4 4 4 

o 4 " ^ 4 " ^ ' 4 

We shall obtain the result of Cotes’s method more simply 
by adding all the equations of condition, and making the sum 

of 
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of the errors equal to zero; for the value of x found in this 
manner will coincide with the expression just set down. And 
lienee we may conclude, that the mode of combining the 
equations of condition imagined by Cotes is not the most ad- 
vantageous. For, as the total sum of the errors is equal to 
zero, an error of a given amount in any of the equations has 
the same influence on the value of the correction. But it is 
very evident that the error e produces a small variation in 
tlie value of x when a is a great number; and, on the con- 
trary, a great variation when the same cocflicient is inconsi- 
derable. The procedure of Cotes is therefore just aiul unex- 
ceptionable only w’hen all the coefficients, «, a\ a'\ &c. are 
e(|nal, or when all the errors are in like circumstances. 

Reflecting on what has just been said, we may, by a slight 
alteration in the procedure of Cotes, deduce a better way of 
combining the equations, and one which is more advantageous 
than any other. The irfluence of the error c on tlie value of 
the correction x is less when the coefficient a is greater, and 
it increases when the same coefficient is diminished in magni- 
tude. This is exactly similar to a lever which is to jn oduce 
a given ellect; tor the lever must bo shortened when the sus- 
pended weight is greater, and lengthened when the same 
'weight is less. Draw a straight line, and from a given point 
in it set olfall the positive errors on one side, and the nega- 
tive errors on the other side; then, liaving suspended the 
weights r/, &c. I'rom the levers c, c", &c., make the 

levers in ecpiilibrio about the common fulcrum. By this con- 
struction the errors will be so determined that the coefficients 
a\ a\ <kc. will have each its proper influence on the value 
of the correction x\ The equation of the eejuilibrium is 

ca a' -f + &c. = 0 ; (A)* 

and, if we observe that ,r is the only variable quantity in the 
expression of the errors, the same equation may be thus writ- 
ten, viz. 


de . , de . ,, d e" 


d X 


d X 


dr 


“f“ &c. — 0 , 


which determines the minimum of the function 


-f + c"- + &c. 

♦ It is evident that hero, as well as in what follows, w'c speak only of 
irrei^ular and fortuitous errors that have no constant part. Jfwe sii|i{'ose 
a [>art common to all the errors, there would not he an ecpiilibrium of the 
levers, but a preponderance. Let + / denote the constant error; then, 
in place of eqnat. (A), we should have this which follows, viz. 

ae + a e a" c" + S:c. = 4 (« -h a' -f a' 4 &c.) X f ; 
and / would be the distance between the common fulcrum of all the levers 
and the centre^ of gravity of the weights a, a, &c. 

Thus 
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Thus the condition of the equilibrium of the levers makes 
the sum of the squares of the errors a miiiinmni ; and hence 
we may infer that the errors themselves are contained within 
thet least limits on either side of the common fulcrum. If the 
errors vary from the minimum, tliey cannot all decrease ; if 
any of them decrease, otliers must increase; and some of 
them at least must be greater than in the case of the minimum. 
There appears, therefore, to be sufficient reason for preferring 
the minimum of the squares of the errors as the most advan- 
tageous solution of a system of equations of condition. 

Let us now place the matter in a different light. In any 
system of errors of observation, supposing that there is no 
constant cause of deviating from the truth, the total sum will 
be equal to zero. At least, this will be the case if the obser- 
vations be numerous, and if they embrace every possible va- 
riety of circumstances. When a cause exists tending either 
equally to augment, or equally to diminish, all the observa- 
tions, the sum of the errors divided by their number will de- 
termine the constant quantity affecting every observation. It 
is evident that these considerations are independent of the 
magnitude of the errors ; and therefore they can be of no use 
in solving a system of equations of condition, where the ob- 
ject is to make all the errors fall within the least possible 
limits. Let us next consider the sum of the squares of a 
system of errors, viz. 

c® + c'* -f- + &c. 

This sum is augmented by every observation, and it will 
therefore increase indefinitely with their niiinber. But as 
every error lies between zero and a certain limit, if the sum 
of tlieir squares be divided by their number, the quotient, or 
the mean of the squares, will also be contained between zero 
and a limit; and it will approach more nearly to a determi- 
nate value as the observations are more numerous. There- 
fore, in a system of observations made in like circumstances, 
the mean of the squares of the errors will be a quantity inde- 
pendent of their number, varying in its magnitude only as 
the errors are more or less considerable, and affording with 
some accuracy a measure of the precision of the observations. 
In several sets of observations made for the same purpose by 
different observers and in different circumstances, that one in 
which the mean of the squares of the errors is least must be 
considered as possessed of the greatest degree of precision, 
and would deserve the preference. Now, in solving a system 
of equations of condition in several different ways, the errors 
will acquire different magnitudes, just as happens in several 
sets of observations of unequal degrees of precision. We 
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will, therefore, fix upon the best mode of solution by the same 
rule that we employ for ascertaining the most advantageous 
of several sets of observations, lhat mode of solution is, 
therefore, to be preferred, in which the mean of the squares of 
the errors is the least. But, in all possible ways of solving a 
system of equations of condition, the number of the errors is 
constantly the same; and therefore the mean quantities are 
proportional to the total sums. And hence we must conclude, 
as we have already found by a different train of reasoning, 
that the most advantageous result will be obtained when the 
equations are combined so as to render the sum of the squares 
of the errors a niinimum. 

It must, however, be allowed that every thing which lias 
just been said of the sum of the squares of the errors, and of 
the mean of the squares, will equally apply to the sums and 
the mean cjuaii titles of any of their even powers. Thus the 
latter demonstration leaves it doubtful whether it is the sum 
of the squares of the errors, or the sum of any other of their 
even powers, that must be a minimum in order to obtain the 
most advantageous result. But it is easy to exclude the other 
even powers, and to render the demonstration absolute with 
regard to the squares. The equation of the minimum of the 
function, 

is this. 


d e 
d r 


e 


2n-\ 


+ 


dc' 
d X 


,2n-\ 

C 


+ 


dt'* 


-f &C. 


= 0 , 


or, 

^ ^ — 1 (il fJ 1 a' 2/i— 1 = 0 : 

and as this is true in all relations of a, a', &c., it will be 

true when all these coefficients are equal ; in which case the 
equation will become, 

^2/1-1 4. ^'2w-l 4. 4. &c. .= 0. 

But the supposition of the equality of a, a', &c. places all 

the errors in like circumstances; and it is universally admitted 
that in a series of observations made in like circumstances, 
the simple sum of the errors is equal to zero, and not the sum 
of their cubes, or fifth powers, or any other of their odd 
powers. By this argument Uie demonstration is restricted to 
the squares of the errors, and the other even powers are ex^ 
eluded. 

The first of the two demonstrations founded on the prin- 
ciple suggested by Cotes is clear and simple, and leads ex- 
clusively to tlie method of the least squares. It is probably 
the best and most solid demonstration that can be given. 

The 
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Tile equation (A) must be considered as a generalization, 
drawn from the nature of the equations of condition, of the 
rule univei*sally admitted by astronomers, that the sum of the 
' errors of a numerous set ot observations made in like circum- 
stances is equal to zero ; which rule is itself contained in the 
equation, being that particular case of it when the coefiicients 
are all equal. But although the first demonstration be suffi- 
cient to establish the proposition, yet the second, as it throws 
additional light on the matter, may not be deemed super- 
fluous. 

It is easy to apply to two or more elements what has been 
proved with respect to one. In the case of two elements we 
have this system of equations, viz. 

c ^ a X b y m 
ef = eix + V y — 
d^x + Wy - 
&c. 

The corrections x and y being independent of one another, 
the errors must be determined so as to give their pro})er in- 
fluence both to the coefficients a, a\ o!\ See. and to the co- 
efficients i, i', i", &c. Tlie levers 6% c', c", See. must there- 
fore be in equilibrio when the weights «, a', a", &c. are sus- 
pended ; and again, when these are removed, and the other 
weights b, b\ &c. are substituted for them. These two 
slates of equilibrium lead to the eciuations 

ae ^ d e + &c. = 0 

be -f i V -f 6" H- &c. = 0, 


which are sufficient for finding both the unknown quantities 
X and y. The same two equations may be otherwise written 
thus, viz. ^ 


d X 


- e + 


dx 


e' + ~ e" + &c. = 0 

dx 


de 

d'i 


e + 


~e" + &c. = 0, 

dy dy ' * 


of w'hich the first determines the minimum of the function, 

relatively to the variable x\ and the other determines the 
same minimum relatively to the variable y. Both the equa- 
tions together determine the absolute minimum of the func- 
tion relatively to both the variables ; wdiich condition there- 
fore contains the full solution of the problem. 

In the case of three corrections, viz. 

e = « a’ 4* 6 ^^ -f c 2 — 

^ = ci X 4- Ify 4- c' 2 ; 

d = dx 4- dy 4* dz — w" 

&c. 


we 
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we have three sets of weights, viz. a\ ft", &c., and A, A, A", 
&c., and c, c', &c. ; and the levers <?, e\ &c. must be in 

equilibrio when each set separately is suspended from their 
extremities. The equations necessary for this purpose are 
these tl)ree, viz. 

ae ft'// f- ft"^" -f &c. = 0 
Af?-fA'// + A"^"-f &c. = 0 
c-/? 4* c'/ 4- d' -f &c. = 0, 

which are sufficient for finding the corrections j', z. The 
same equations may be thus written, viz. 

^ e 4* d 4- d^ 4- &c. = 0 

(lx (lx dx 


(ie 

(li^ 


e 4 - 



de 

dz 


di‘> 

d'd 


4- &C. =0, 


and tlieso determine the minima of tlie sum of the squares of 
the errors relatively to the variables ,r, //, z respectively. The 
same thi’ce equations determine the absolute mhunuim of tlic 
function relatively to all the variables ; and therefore, in this 
single condition the full solution of the problem is contained. 
It is evident that the same mode of reasoning w^ill apply to 
the simultaneous correction of any number of elements by 
means of a system of equations of condition. 

The procedure wliich we have demonstrated has very pro- 
perly been called the method of the least squares^ since the 
absolute minimum of the sum of the squares of the errors 
contains all the conditions necessary for finding the several 
corrections. It was first published by M. Legendre in his 
treatise on the Orbits of Comets. But some years before the 
publication of that work, M. Gauss, of Gottingen, had like- 
wise found out the same process, vrhich he had communicated 
to his astronomical friends ; and he 'was in the habit of apply- 
ing it in astronomical researches. 

We have here attempted to demonstrate the method of the 
least squares, from the nature of the equations of condition, 
and from the principle that, in the most advantageous solu- 
tion, the errors of the equations must be contained within the 
least limits. But it has been usual to introduce the doctrine 
of probabilities in order to explain this tlieory, A little at- 
tention w'ill show that all such investigations are founded on 
arbitrary suppositions. We cannot compute the probability 
of any combination of the errors, without first assuming a 
general function for expressing the probability of an error 
taken indefinitely. There are many properties which such 

Vol. 65. ' No. 321, ,7ft«. 182.'?. B a func- 
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a function must possess ; but it is impossible that one can be 
found that will accurately represent a probability, of which 
we never can acquire a perfect knowledge. Therefore, al- 
though the same conclusion be still brou^t out, yet, as the 
reasoning involves precarious suppositions, the fundamental 
principles will not be placed in a light so simple and clear 
and steady as when nothing extraneous is introduced in the 
demonstration. It has been proved in the case of a great 
number of observations, that the principle of the least squares 
will hold good, whatever law of probability be adopted ; and 
hence we may derive an argument that such laws are foreign 
to the demonstration, since they disappear at the conclusion. 
If we admit that, whatever be the expression of the chance of 
an error, the mean of the squares of the errors will converge 
to a fixed limit as the observations increase in number, the 
second of the two demonstrations given above will be con- 
clusive in all possible laws of probability. 

But, allowing that the method of the least squares is fully 
established, it is not sufficient for the purposes of astronomy 
in its present state of improvement. An element, although 
computed in the best way, can only have a degree of accuracy 
relative to the precision of the observations. It thus becomes 
necessary to estimate the uncertainty in the result obtained, or 
to assign the probability that the remaining error amounts to 
a tenth, or some given part, of the whole. But the discussion 
of the subject in this new view of it would exceed our pre- 
sent limits, and must be left to a future occasion. 

January 8, 1825. JamEs IvokY, 


II. Hmts tendmg to disprove the Existence of distinct Calorific 
Raps in the Sunbeam, Bp My', Henry Meikle. 

To the Editors of the Philosophical Magazine and Journal, 
Gentlemen, 

T hat great meclmnica! genius Dr. Hooke seems to have 
been the first who suspected that the sunbeam contains 
rays which illuminate without producing heat. In this opi- 
nion he has been followed successively by M. Scheele, 8ir 
William Herschel, and »Sir Henry Englefield, who are well 
known as able experimenters. Among other conclusions, the 
two last thought tliey had established that tlie sun emits se- 
veral distinct sorts of rays, especially illuminating rays, as 
already mentioned, which give no heat ; and on the olher hand 
calorific rays which are not accompanied with light. For on 
placing a thermometer in the well-known figure called the 

spectrimi. 



distinct Calorific Raj/s in the Sunbeam. 1 1 

spectrum, this thermometer seemed to be more affected the 
nearer it was placed to the red margin, and less as it ap- 
proached the opposite or violet-coloured edge. But the most 
remarkable effect of all was, that the thermometer indicated 
the greatest heat when placed just without the red margin, 
where none of the visible rays reached it at all. They there- 
fore inferred that this effect was produced by a set of dark 
calorific rays which are less^ refrangible than any of the other 
rays. On repeating these experiments, M. Berard obtained 
similar results, except that he found the maxinmm of heat in 
the reil ray. 

But notwithstanding the high reputation of these philoso- 
phers, their conclusion has been cjuestioned by Professor 
Leslie of Edinburgh, who by experimenting somewhat diffe- 
rently was unable to detach any of these dark rays from the 
li^ht. Having rendered a circular spot opaque in the middle 
ot a large convex lens, he received the light transmitted by 
the remaining transparent ring upon a surface of black wax, 
held at such a distance that the light formed upon the wax 
an iris, or ring, composed of a set of distinct concentric rings, 
which severally possessed all the various colours of the com- 
mon spectrum. Mr. Leslie then carefully observed the effect 
of thtjse rings on the wax, and found that none of it was melted 
beyond where it was covered by the iris ; whereas if a set of 
dark calorific rays had existed, these ought to have more 
thoroughly melted a larger ring than that whereon the light 
fell ; for the dark rays, if less refrangible than light, would 
have fallen w ithout the margin of the red ring, which includes 
all the others. 

Now^, since this experiment of Professor Leslie is of a more 
simple and decisive cast than any performed by the gentle- 
men already mentioned, I am much inclined to give it the 
preference, and to conclude with him that the rays of light 
only produce or become heat when they themselves dis- 
appear. It is also w^ell known that the more perfectly any 
surface reflects light, the less wdll that surface itself be heated 
by the light. 

As I do not recollect to have seen any reason given why 
Sir William Her.schel’s mode of experimenting ought to have 
apparently produced the effect he observed, without calling 
in the aid of dark calorific rays, I shall take the liberty of 
briefly suggesting what I suspect to have been the principal 
source of deception. If a prism such as Sir William employed 
be heated, a very delicate thermometer will, ccetcris 'paribusy 
be more affected wlien it is held opposite to one of the flat 
sides of the prism than when opposite to one of its edges ; 

B 2 because 
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because heat escapes from glass and many other substances, 
when smboth or polished, chiefly in straight lines perpendi- 
cular to the surface. Now if we attend to the position of 
Sir William Herschel’s prism and thermometer *, this will 
help to explain wliy the thermometer indicated heat, even 
when none of the illuminating rays reached it at all; as also 
why the heating power of the red rays seemed so much to 
surpass that of the other colours, &c. : because the more di- 
rectly opposite the thermometer was to the flat side of the 
prism, the more of its heat would it receive ; and in the course 
of such an experiment, there can be little doubt that the prism 
became considerably heated by absorbing a portion of the 
solar ra 3 ^s. 

The circumstance of heat einerginec from an even or po- 
lished surface chiefly in perpendicular lines will help to ex- 
plain various phrenomena. From it we learn that Mr. T^cslie’s 
lens, however hot, could have little or no tendency to melt 
the wax; because the heat w^ould emanate from its convex 
surface chiefly' in a set of diverging straight lines, such as 
might be drawn from the centre of the sphere of which the 
lens formed a part. 

For aught that is known to the contrary, the heating j^owers 
of all the rays in the spectrum may be* ecjual ; because tlie 
seeming difference may l)e owing to a difference of densitj^ 
some oT them being j)robabl 3 ’' much tiilatcd or attenuated by 
refraction. I am, gentlemen, yours &c. 

Dec. 21, Hknhy Meikle. 


III. On the Experiments of the Pendulum made hij Captain 
Kateu, M. Biot, c^r, Hp Wm. (>./vlbraith, Esq. A.M. 

'Eo the Editors of the Philosophical Magazine and Journal. 
Gentlemen, 

I N my j^aper published in your Magazine for September 
I gave, page 163, a general formula (7) to determine 
the ellipticity of the meridian from observations on the lengtii 
of the pendulum made in different latitudes. In this formula, 
however, it is necessary to substitute cjiian titles which, with 
the exception perhaps of the time of rotation, are not yel 
sufficiently well determined. The accuracy of these is con- 
stantly improving, and in a short time we expect to have the 
length of the pendulum oscillating seconds on the equator as- 
certained by difterent observers in several points of that circle 

* Diagrams or plates illustrative of this may be seen in so many books^ 
that it would be Miperfluous to introduce them here. 

with 
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with great precision. The radius of the equator, though not 
perfectly exact, may be depended upon as being known to 
within a few hundred feet of the truth. By making use of 
those of the best authority we arrived at formula (9), page 164, 
^ 20919576 y 

^ X 20919576 4-1856062635^ i* ' 

in which the length of the seconds pendulum at the equator, 
and ?y, the excess of the seconels pendulum at the pole above 
that at the eqijator, are the only unknown quantities. 

As the e(]uator is accessible in many points, we may shortly 
expect to have z w^ell determined ; though it will not be easy, 
perhaps impossible, ever to obtain y by actual experiment. 

We have used this care in detailing the manner in which 
we obtained the general formula, and selected the values of the 
quantities em})loyed, that it might be apparent wliat confi- 
dence results derived from it deserved. This was the more ne- 
cessary, as we have shown, page 169, that the ellipticity derived 
from the measurement of arcs, and that determined from the 
observations by the jiendulum, were in mean latitudes, as well 
as extreme latitudes, though in a less degree, directly opposed 
to eacii other, iqKm the assumption that the arc of the meri- 
dian is a portion of a regular ellipse*^. 

As we discussed the experiments of Kater, Biot, &c., sepa- 
rately in our last communication, we have, in order to throw 
some light, il‘ possible, upon this anomaly, liere combined 
them along with others which we have since obtained, making 
as nearly as possible a regular scries of them from the equator 
towards the north pole, retaining one only, that at Rio Janeiro, 
in the southern hemisphere, as being near the equator, and 
having without it, proportionally to the others, rather too few 
near that circle. 

Ihirsuing the same metluHl as formerly, we obtain 

1. 39-01951— ;r—0'000088t 

2 . 39-02339— 0-051 1335V=c.j 

3. 39-04115— 0-1347996V=c^ 

4 . 3 9 -046*02 — j:? — 0 - 1 5 1 7026 \j = e, 

5. 39-094 19^:;^ 0-39034 17 //= e, 

6. 39-1 1 319-^^r -.0-4932370 

7. 39*11 300 — 3—0-4972 1 72 

8. 39-11809— 3— 0-5136117 $^=^8 

9. 39-12928— 3— 0*5667720^=^p 

10. 39-137 70 - 0-6045723 y = 

1 i. 39-13929-3— 0-6127966^=^,, 

At page 160, line 25, of my last communication, between ami 
the words ^ivvs an dtipticif^ ” should have been inserted. 
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1 2. 39’ 1 4250 —2—0-6246030 p ~ e,., 

13. 39 146C0-2_0-6455596y=e,3 

14. 39-15549— 2_0-686939l]y=£-„ 

1.5. 39-16159-2_0-7142003j/=e.5 

16. .39-17162—2—0-7613587^=^.6 

17. 39-19840— 2— 0-8878916 

18. 39-20700— 2— 0-931 1390 8 

Taking the sums of the respective quantities, and dividing by 
their number, ^ _ gg.j 1930 O 6 -0-5148869.y (2) 

Where Kater and Biot observed at the same place, we have 
taken the mean between them, reduced to the same tempera- 
ture, namely 62° of Fahrenheit. The other experiments 
combined with them are, from the data of the observers, to- 
gether with the known expansion of the brass of which the 
pendulum was constructed, corrected in like manner. 


Again, 1. 
2 . 

3. 

4 . 

5. 

6 . 

7. 

8 , 
9. 

10 . 

11 . 

12 . 

13. 

14 . 

15 . 

16. 

17 . 

18. 


0*0034493— 0-0000884 2—0*0000000 y 
1 *9954025 - 0*05 1 1 335 2 - 0*0026 1 46 
5*26273 1 4 — 0* 1 34 7996 2 - 0*0 1 8 1 7 1 0 V 
5*9233828— 0*1517026 2— 0*0230137y 
1 5*26009 1 3 — 0*39034 1 7 ~ 0* 1 523666 y 
1 9*29207 1 9—0*4932370 2 — 0*2432826 V 
19*4476573-0*4972172 2-0*2472249 
20*0915076—0*51361 17 2 — 0*2637970 y 
22*1773831 — 0*5667720 2-0*3212304 y 
23*66 1 5693 — 0*6045723 2 - 0*3655077 .y 
23*9844238— 0*6127966 2— 0*3755198 ‘y 
24*4485230 — 0*.6246030 2 — 0*390 1 290 'y 
25*2710761 — 0*6455596 2 — 0*4167473 y 
26*8974396 — 0*6869392 2— 0*471 8856\y 
27*9692 1 93 — 0*7 1 42003 2-0*51 00820 .‘y 
29*8236502— 0*7613587 2-0*5796676,y 
34*8039301 — 0*8878916 2— 0*7883515?/ 
36*5071688-0*9311390 2-0*8670202.y 


Dividing the respective sums by their number 2=39*1478290 
—0*6513417^ (3). Equating (2) and (3). 

0*209068, and 2 = 39"'*01 1654 = 3^^*2509712 ; whence 


= 0-005359. 

X 


c=| X 


20919576 


1856062635 x 3-2509712 +.#■ 

104597880 


or 


0-005359 = 0-0086374 — 0-005359 = 

(4) 

And / =39-011654 + 0-209068 sin'x ' (5) 


1-2109851496 
0-0032784 = ^ 


Sub” 
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Substituting the proper values I'or sin® A, we obtain the 
length of pendulum by computation to be compared with that 
from experiment. 


Places. 


Galapagos 
Madras 
Sun Bias 
Rio Janeiro 


Latitu de. 


Length ot rendiiUnn| 
by Expe- j by ('alcu- 
riinent. lation. 


0 32 
13 4 
21 32 
i22 55 


Formciitera 138 39 


Figeae 
Bordccaux 
Clermont 
Paris 
Dunkirk 
London 
Arburv-l lill 
Clifton 
Leith 
Portsoy 
I ’list 
Hare Isle 


44 36 

44 50 

45 46 
48 50 

51 2 
i51 31 

52 12 
153 27 
i5.> 58 
j/i? 40 
(iO -26 
170 2(i 


Melville Isle; 74 47 


19N. 

9 

24 

22S. 

56N. 

45 

26 

48 

14 

10 
8 

55 

45 

39 

59 

27 

17 

12 


3901951 
39023391 
3904115 
39-04602 
39-09419 
39-11319|39 
|391130039' 
!3n-ll80939- 
39-1292839 
i39-1377039- 
39-13929139- 
39-14250 3^^ 
‘3i^l460039■ 
39-1 5549 39« 
1391615939 
139-1716239 
139-1 984039 
139-20700 39- 


A, 


011072|-0* 
022344; -.0• 
039836:—0■ 
043370; -0• 
093262i•-0• 
1 14774: + 0- 
115606 4-0 
-119034; 4-0 
•130148' 4.0■ 
13805li4.0• 
1 3.9770; 4- 0• 
H2238i~0• 
146<>20.f0- 
l.M 27 ]i~ 0 - 
-160970i~0- 
•1708301 -~0• 
•1972H4i-0• 
•206.325' -0- 


007838 e , 
001046 
001314^3 
002650^4 
000928 e, 
001584^6 
002606^7 
000944 ^ 8 

000868 <ry 

000351 
000480 
000262 e,2i 
000620 e 
000219e 
000620 eiil 
•000790e 

ooiii6e,:;i 

000(575 e 


A, 


1 4-0006792 
-0-000268 
-0-001336 
-f 0-001722 
+ 0002512 
+ 0-001022 
-0001662 
- 0-000076 
-0-000317 
+ 000012,9 
-0-000742 
+0-000882 
-0-000839 
-0-000401 
- 0*000170 
-0-000326 
+ 0-0U0441 


The numbers in column A, are the differences between the 
results from exj)orirnent and calculation by the formula, the 
sign — showing that the calculated lengths are less than those 
by experiment, and + that they are greater. The numbers 
in column A a are obtained by subtracting those in A i suc- 
cessively from each other, retaining the algebraic signs. 

On duly considering the quantities in Aj, it appears that 
the first five ai c negative ; the next eight, wdth the exception 
of that at Arbnry-flill, are positive; and again, the last five 
are negative. 

With tlie regularity of these signs I was forcibly struck ; 
tmd after a little reflection strongly suspected that it was 
owing to some peculiarity in the form of the earth, more 
especially as these apparently show some connexion wdth 
what I formerly observed with regard to the ellipticity derived 
from the measurement of arcs in the corresponding latitudes. 
— If the figure of the earth is not that of a regular ellipsoid, 
what modification must it receive in order to satisfy these 
conditions ? 

It is evident, since the length of the pendulum by experi- 
ment exceeds' that derived from computation on the elliptical 
hypothesis at Galapagos, Madras, San Bias, Rio Janeiro, 
and Formentera, that the gravitating force is greater at these 

places 
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{ ilaces than theory supposes. On the same principles it is 
ess 'from Figeac to Clifton ; and again, greater from Leith 
to Melville Island. The irregularity of tlie densities of the 
materials constituting the crust of the globe, combined with 
the small errors of observation, produce a considerable num- 
ber of discrepancies, as may be remarked from consulting 
column AiJ but these appear to be insufficient to account for 
such marked and regular differences, especially when regard 
is had to their signs, as are shown in column A ( . 

If it is not demonstrated by these observations, it is at least 
rendered extremely probable, that the form of the earth differs 
somewhat considerably from a regular spheroid. 

Since from the measurement of arcs near the equator, com- 
pared with others in considerably high northern latitudes, the 

ellipticity is in general about while that derived from tJie 
same kind of measures at mean latitudes near the parallel of 
45® N. is about nearly double of the former, — it is only 

necessary to give the arc of (he meridian at 45® N. a greater 
curvature than the elliptical hypothesis supposes, to satisfy 
these conditions. 


Again : since the length of the pendulum is shorter at 45® 
N. than theory requires ; if a protubcran<*e or swelling out of 
the earth be supposed to occur there, so as to place the 'ex- 
perimental pendulum at a greater distance Iroin the centre of 
the earth, thereby rendering the gravitating force less, while 
the equatorial and polar regions contract a little ; then tlu; 
theory would not disagree with the observed phenomena. 

Thus, in the marginal figure, let V E/>Q I t* c 

be a meridian of the earth formed by \ 

a section passing through its centre, in 

which is the jmlar axis, EQ the equa- El- -ja 

torial diameter ; then suppose a zone or 

belt passing round the globe j>aral!el to 

tlie equator, and nearly bisected by the U 

parallel of 45®, and of which zone, diminishing in thickness 

towards its boundaries, 5 a, cr/, &c. are sections or opposite 

meridians, the exterior curve would be the form of 

the meridian, to satisfy these conditions ; wliile the interior 


curve is the regular ellipse. 

This conclusion must be looked uj)on merely as a very pro- 
bable hypothesis, till by the accumulation of more numerous 
observations it may be either completely verified or set aside. 
It is useful in the mean time to endeavour to connect ob- 


servations, and reconcile these anomalies by the most pro- 
bable 
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bable hypothesis that observation and experiment will war- 
rant. la such circumstances, however, we cannot with pro- 
priety attempt to ascertain accurately on mathematical prin- 
ciples the exact form of the meridian, or whether they are all 
similar to one another ; — this, depending on a great variety 
of very nice observations, must be the work of time. I can 
only add that the subject will not be lost sight of ; and as ma- 
terials increase, efforts shall be repeatedly made to arrive at 
the truth. 


As the method of ascertaining the length of the pendulum 
proposed by Capt. Katcr is now, irom its simplicity and ac- 
curacy, much used, it appeared to me that a lew formulae, of 
easy application to the necessary reductions, would not be un- 
acceptable. 

On the small Corrections (f Pendulums^ on account of the minute 
Variations they may he supposed to undergo from Change of 
Temperature^ lAilitude^ S^c, 


If N= 86400 be the number of oscillations of the pendu- 
lum L ill a mean solar day; and //, not d'»^ering much from 
N, the number of oscillations of a given pendulum /, nearly 
equal in length to L ; we can easily find approximations to 
these quantities for small differences. 

From the common treatises on mechanics we have the 

time / = conse(pieiitly , and I = Now 

suppose the pendulum L to be increased by the small quan- 
tity A L to find A N, the number of seconds N will be di- 
minished, or those the pendulum will lose in a day. 

In this case let L + A L = = LH ^ nearly, 


hence A L= 


_ LaN 

~-3r ~ 


( 1 ) 


and A N = 


NaL _ JNaL 


( 2 ) 


2L L 

It may be observed, that the same formulae can be applied 
when N is increased, and conse<|iiently L diminished. 

Again : let 8L be the variation of L for one degree of the 
thermometer to compute the change of L or N, then on this 
account A L= AL x L (3) 

Li Ju 


|Nn8L 


w 


n here being the number of degrees of difference of tempe- 
rature. 

According to the mean of a number of experiments upon va- . 
rious kinds of brass, its lineal variation from the freezing to the 
Vol. 65. No. 321. Jan, 182,5. C boiling 
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boiling point is = 0*0018709 part of itself. This gives for every 

d^ee of Fahrenheit ° s=0*0000104f part of itself, or 

0*00001 nearly the value of SL, which agrees sufficiently well 
with Capt. Rater’s experiments. 

wii 

Substituting this in ibrmula(S) it becomes AL = 

or, in words, shift the decimal point in tlie length L five 
places to the lejl^ and multiply by the number of degrees of 
change of temperature, the result will be the expansion at the 
rate we have mentioned ; otherwise the actual variation by 
experiment from formula (3) must be employed. If the 
value of A L formula (5) be subtracted in formula (4), we get 


100000 


( 6 ) 


Or shift the decimal point in ^ N five places to the left ; this 
result, multiplied by the number of degrees of change of tem- 
perature, will give the correction required. 

If N do not differ much from 86400, formula (6) would be- 
come AN = 0'432w (7) 

And this may be considered as sufficiently accurate, unless n, 
the number of degrees of change of temperature, be consider- 
able, or N differ above 100 seconds from 86400, the expan- 
sion for each degree of Fahrenheit's thermometer remaining 
the same. 


To exemplify these, let us suppose «=6° Fahrenheit; then 
by formula (7) AN = 0’432 x 6= 2*’592, the retardation or 
acceleration in a day for that expansion in a brass pendulum. 

At 62® Fahrenheit, Capt. Kater found the pendulum sent out 
with Capt. Hall made 86235*98 oscillations in a day : it there- 
fore, from an expansion answering to 6® of Fahrenheit's ther- 
mometer, would be retarded 2**592, and 86235®*98 — 2®*59 = 
86233**39, the number it would actually perform in the same 
place at a temperature of 68°. 

Now, by our ordinary treatises on mechanics 1: P:: : n'* 

we have, since Capt. Hall found the same pendulum made 
86101*34 oscillations in a day at the Galapagos (86233*39) ^ : 
(86101*34)* : : 39^“*13929 : 39‘”*019514, the length of the pen- 
dulum oscillating. seconds at the Galapagos at 62° of Fahren- 
heit, that at London being 39*“*13929. This operation, how- 
ever, is tedious. 

The formula will give an approximation to this for AN=: 
86233*39 — 86 101 *34 = 1 32*05. Hence from formula ( 1 ) A L == 


LxaN 

4N 


39*13929 X 132*05 
43116*7 


s= - 0*11987. 


Hence 39*13929 -0*11987 = 39*01942, which differs from 

the 
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the former only 0 '*“- 000094 ', or about ^ part of an inch. 

These approximadng rules, when A N is great, cannot be em- 
ployed where extreme accuracy is required. They will be 
sufficiently correct when A N is small, as in the case of deter- 
mining the length of the pendulum at various points on an 
arc of the meridian not diflering above a degree or so from 
each other. If, however, the mean of the numbers of oscilla- 
tions at the two places be use*d, the results would in general 
be more correct; and formulae (1) and (4?) may always be em- 
ployed when the difference of the numbers of oscillations at 
the two places does not exceed 30 or 40 . 

To render the results accurate in all probable cases when 
the formulae are used, wc have computed the following Table 
of corrections for various differences in the number of oscil- 
lations. 


Variation of 
Oscillations in 

Correction I. 

Differences. 

Correction II. 

24 hours. 




OSCIL. 




1 

0*00000001 

0*00000001 


2 

0-00000002 

0*00000003 


3 

0-00000005 

0*00000003 


4 

0*00000008 

0*00000005 


5 

0*00000013 

0*00000006 


6 

0*00000019 

0*00000007 


7 

0*00000026 

0*00000007 


8 

0*00000033 

0*00000009 


9 

10 

20 

30 

40 

50 

0*00000042 

0*00000052 

0*00000209 

0*00000470 

0*00000836 

0*00001306 

0*00000010 

0*00000157 

0*00000261 

0*00000366 

0*00000470 

0*00000575 

0-00000000 

0-00000001 

0-00000001 

0-00000002 

0-00000003 

60 

0*00001881 

0*00000679 

o-ooooooos 

70 

0*00002560 

0*00000784 

0-00000006 

80 

0*00003344 

0*00000888 

0-00000008 

90 

0*00004232 

0*00000993 

0-00000010 


P. P. for sec. diff. os 
after 10 oscil. |co 



4 6 6 

12 13 12 


2 
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' Variation of 
Oscillations in 
24 hours. 


Correction 1. 


Differences. 


Correction IL 


os. 

100 

no 

120 

130 

11*0 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

370 

380 

390 

400 


00005525 0- 
00006322 0- 
00007524 'O 
00008830 0- 
0001024l'0■ 
00011756;0' 
00013376:0 

00015100.0 
00016928 0 

00018861 jo 

00020898 iO 
0002S040|0 
00025286; 0 
00027637:0 
00030092; 0 

00032652.0 
00035316!o 
00038085:0 
00040958|0' 
00043936 0 
000470190" 
00050206|0" 

00053498.0 
00056894,0" 
•C 00603950" 
00064000l0 
000677100 
00071524 0 
00075442 0 
■00079464 0" 
00083590' 


00001097 

•00001202 

•00001306 

•00001411 

•00001515 

00001620 

00001724 

•00001828 

00001933 

•00002037 

*00002142 

■00002246 

•00002351 

•00002455 

•00002560 

•00002664 

•00002769 

•00002873 

•00002978 

•00003083 

•00003187 

■00003292 

00003396 

•00003501 

■00003605 

•00003710 

•00003814 

•00003918 

00004022 

•00004126 


0-00000013 

0-00000015 

0-00000018 

0-00000021 

0-00000025 

,0-00000029 

0*00000033 

0-00000038 

0-00000043 

0*00000048 

0-00000053 

0 - 000000.'>6 

|0*00000064 

0-00000070 

0-00000077 

0-00000084 

0-00000090 

0-00000098 

0-00000105 

0-00000113 

0-00000121 

0-00000129 

0-00000138 

0-00000147 

0-00000156 

0-00000165 

0-00000175 

0*00000184 

0-00000194 

0-00000204 

0-00000215 


In this table, column first contains the difference of the 
number of oscillations made by the experimental pendulum at 
two different places; — column second contains the correction 
of the formula, or its deviation from the result deduced from 
the method of obtaining the length of the pendulum by the 
squares of the number of oscillations when the length at the 
first place of observation is 39 inches ; and is always to be 
subtracted ; — column third contains the differences to obtain 
proportional parts readily ; — and column fourth contains the 

correction 
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correction to be applied for a variation in the length of the 
pendulum of one-tenth of an inch, or when it is increased from 
89 to 39*1 inches ; and is always to be added. By means of 
these it is hoped the length of the pendulum can with suffi- 
cient accuracy be more easily obtained than by using the la- 
borious process of the squares of the numbers of oscillations, 
as may be seen by the following examples. 

Capt. Kater found that, his experimental pendulum at 
London, in latitude 51° 31' 8" N., alter the proper reductions 
made 86061*52 oscillations in a mean solar day at 62° Fah- 
renheit ; while at Unst, in latitude 60° 45' 28" N., the same 
pendulum, at the same temperature, made 86096*90 oscillations. 
Required, the length of the seconds pendulum at Unst, that at 
London being 39*13929 inches? 

Number of oscillations at Unst . . . 86096*90 

at London . . 86061*52 

•Difference more . . 35*38 

Hence the seconds pendulum must be longer at Unst, and 
the general correction must be added. 

Now by formula ( 1 ) A L = ? which by substituting 

the proper quantities stated above becomes 


39*13 9 29 X 35*38 
43048-45 


+ 0*03216697 


Correction from table, col. 2, for 30°** —470 
Prop, part for 5° ‘*38, col. 3, . . . —197 

Fquation for 2d difference, foot of table, + 13 
Correction for +0*13929, col. 4, — 2 

Amount ....... —656 656 

Total correction to be added . . . . + 0*03216041 

Length of seconds pendulum at London . 39*13929 

Length of the pendulum at Unst .... 39*17145 

differing only one unit in the fifth decimal place from the de- 
termination of Capt. Kater. 

In the application of the corrections of the formula, the 
equation of second difference and that from column 4 are ap- 
plied as they ought to be to the first part of the correction 
from column 2, with contrary signs. Indeed, it is unnecessary 
to carry them fiirther than about five or six places of decimals, 
being more than even the best observations can warrant, as may 
be readily seen by comparing those of Kater and Biot at the 
same place ; as for example, at Leith or Unst. In fact, with- 
out the small corrections, the formula in this case would have 
given Kater’s determination exactly. 

Again : Capt. Hall found that an experimental pendulum, 
. making 
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making 96235*98 oscillations in a mean solar day at London^ 
at the temperature of 62® Fahrenheit, made 86101*34 oscilla- 
tions at the Galapagos Isles, at the temperature of 68® Fah- 
renheit 

Number of oscillations at London 86235*98 

Correction for 68®, or 6® more than 62® 


= *4312 X 6® formula (6) — 2*59 

Number of oscillations at 68® 86333*39 

Number at Galapagos at 68® 86101*34 

Difference less 132*05 


Hence the seconds pendulum must be shorter than that at 
London. 

Whence by formula (1), as before, 

we have = -0-11986870 

43 i 10*7 

Correction from table, col. 2, for 130®** —8830 


Prop, part for 2*05®**, col. 3, * . . — 289 
Equation, second difference . . . + 8 

Correction, col. 4, — 5 

Amount —9106 9106 

Total correction — 0*11977764 

Length of pendulum at London .... 39*13929 

Length at Galapagos 39*01951 ^ 


At the temperature of 62®, or that at which the length of the 
pendulum at London =39*13929 was obtained; and so on in 
similar cases. 

Appendix. 

The French mathematicians generally give the length of 
the pendulum according to their new system of weights and 
measures. In this case the day is supposed to be divided into 
100^000 seconds, instead of the 86,400 seconds according to 
old custom. 

Now, since the lengths of pendulums are inversely as the 
squares of the number of oscillations in the same time ; and 
the length of the standard metre at the freezing point, com- 
p^ed with Sir George Shuckburgh’s standard scale at 62® 
Fahrenheit, is, according to the accurate determination of 
Capt. Kater, 39*37079 inches ; we can convert the I^rench 

measures readily into ours by the following formula : 

( 1000 \8 ^ 

-ggj-) X I X 39-37079 = 52-74079/ (8) 

of Sir George Shuckburgh’s scale ; or 

L= 52-740564/ (9) 

Bird’s parliamentary standard of 1758, which is equal to 

3600016 
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S6*00016 inches of Sir George Shuckburgh’s scale, in which 
Capt. Kater*s measures were originally taken* 

In these L is the length of the sexagesimal pendulum, and 
/ that of the decimal metrical pendulum. 

These have been added to this paper for the convenience of 
comparing the British and French measures. 

I am, gentlemen, yours &c. 

Edinburgh, Nov. 11, 1824. ^ WiLLiAM Galbraith. 


IV. 0/2 the Annual Secular Changes in the Solar Si/stem. By 
A Correspondent. 

To the Editors of the Philosophical Magazine and Journal. 
Gentlemen, 

inclosed paper is offered for the purpose of pro- 
moting inquiry on a point materially affecting the accu- 
racy of the solar tables : if it appear to you worthy the atten- 
tion of your readers, you will oblige the author by inserting 
it in your valuable Journal. 

I am, gentlemen, yours &c. 

C. 

Having remarked that a secular diminution of 42"'67 an- 
swered better than any other I had tried for the secular 
change of the obliquity of the ecliptic, I was induced to 
examine whether the masses of Venus and Mars, altered to 
suit it, would represent with any degree of accuracy the an- 
nual and secular changes in the other phenomena of the solar 
system proceeding from the action of the planets. I accord- 
ingly collected all the observations of the nodes and aphelia 
of the several planets' orbits I could procure, and from their 
comparison estimated as nearly as I could the annual change 
in each. I then calculated, upon Laplace's hypothesis of the 
masses of the planets, their respective perturbations from the 
formulae in Woodhouse’s Astronomy, and then changed those 
of Venus and Mars to suit my hypothesis of the change in 
the obliquity; and the close coincidence of the results with 
observation have determined me to lay them before the 
readers of your valuable Journal. 

The following are the principal of the observations which 
I procitred, many of them having been rejected for giving re- 
sults differing much from the mean ; but upon the whole I 
cannot say that I place too much reliance on any of them; so 
that when my calculations give a number within the two ex- 
tremes 
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tremes of those deduced from observation, I rest perfectly 
satisfied. The observations are, 


For Mercury*5 Node. 


1. 

Gassendi 

1631 

XT ^ ® 

Nov. 7, 1 13 

30 

47 

10-8 

41-98 

2. 

Hevelius 

1661 

May 3, 1 14 

19 

0 

7 

44-82 

3. 


1677 

1 14 

21 

3 

6 

40-78 

4. 

Halley 

1723 

1 15 

0 

53 

5 

40-84 

5. 

Cassini 

1731 

1 15 

10 

0 

4 

43-60 

6 . 


1736 

Nov. 11, 1 15 

14 

5 

3 

45-13 

7 . 

(Transit) 

1736 

Oct 26, 1 15 

9 

34 

2 

41-02 

8 . 


1753 

1 15 

24 

.14 

6-2 

43-70 

9. 

Rumovski 

1786 

May, 1 15 

53 

56 



10. 

Zach 

1802 

Nov. 8, 1 15 

For Venus's Node, 

58 

S6-3 Mean 42-73 

1. 

Horrox 

1639 

* o 

2 13 

27 

50 

7-4 

31-95 

2. 

Cassini 

1698 

2 14 

1 

45 

1 

31-28 

3. 

Cassini 

1705 

June 11, 2 14 

2 

52 

6 — 4 

32-53 

4. 

La Caille 

1746 

Dec. 21, 2 14 

23 

10 

3 

30 86 

5. 

Lalande 

1769 

July 3, 2 14 

36 

20 

1 

31*22 

6. 

Bugge 

1786 

Aug. 25, 2 14 

44 

38 

5 — 3 

31-33 

7. 

Mersier 

1787 

Aug. 2 14 

45 

19 

1 31-4? 

Mean 31-52 


Lalande thinks 56 '' answers best for the aphelion of Mer- 
cury ; but that of Venus has hitherto defied all certainty, on 
account of the little eccentricity of her orbit, the results vary- 
ing from 2-^ minutes to 40". 

Far Mars's Aphelion, 

* « O f // 

1. Cassini 1592 4 28 49 50 5 — 4 66-20 

2. Cassini 1600 4 23 24 24 3 63-00 

3. Flamsteed 1696 5 0 31 34 2 60-13 

4. Lalande 1743 Feb. 15, 5 1 20 39 4 — 3 62*60 

5. 1748 51 26 10 

Mean 63*00 

For Mars's Node. 

1. TycboBrahel595 Oct 28, 1* 16° 24' 33 1—7 28*66 

2. Flamsteed 1700 May 7, 1 17 24 13 6 30-25 

3. Cassini 1700 May 6, 1 17 IS 43 ' 5 29-44 

4. Cassini 1721 NoV.13, 1 17 29 49 4 31-08 

5. La Caille 1753 Nov, 4, 1 17 42 5 |(3H-2) 31-24 

6. Maskelyne 1778 April 17, 1 17 51 40 

7. Bugge 1783 Dec. 7, 1 17 54 24 Mean 30-134 

Tlie 
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in the Hulur Sj/slem. 

'rile motion of Jupiter’s aphelion and yaturn’s, since they 
arise almost entirely h'om the action of each other, and as 
their masses are best determined from their mutual periodical 
inequalities, it is almost useless to examine the motions of 
their aphelia from observation : the motion of their nodes, 
however, depends in a great measure on Venus and Mars; we 
shall therefore examine them. 

For Jupiter there is still some uncertainty ; however, De- 
lambre makes it about 35''*7, with a possible error of 2 or 3 
seconds. Lalaiide employs this motion in his Tables. For 
Saturn, Delainbre makes the motion 33"*35: Lalande, 31''*7. 
The mean of these, since they agree so nearly, cannot be far 
from the truth ; we shall therefore suppose it 32"*52. We 
have therefore the following number : 

Merciir}'. Venus. Earth. Mars. Jupiter. Saturn. 

Node... 42"-73 3l"-52 30"-13 35"*7 32 '-52 

Aphelion 56" 61 "*908 63"-00 

Laplace’s values for the masses, which I first assumed as a 
means of examining the above numbers, are as follows : 
Mercury Jupiter 

A^enus Saturn 

Earth Georgian 

Mars 1 

These are all extracted from Laplace, with the exception of 
that of the Earth, which he has estimated too largely, by as- 
suming the parallax 8"*81 instead of 8"*56, which his own 
lunar theory and the calculations of Short from the last trans- 
it point out. 1 however, for various reasons, have assumed 
it 8"'7. Laplace says, Mercury’s, Venus’s and Mars’s masses 
were first determined from dieir densities upon Lagrange’s 
hypothesis of their being inversely proportional to their di- 
stance from the sun, and then corrected from observation. He 
therefore diminishes Mars’s mass so found, in the ratio of *725 
to unity from Delambre’s observations of its effect on the pe- 
riodical inequalities of the Earth’s motion. And from similar 
observations he increases Venus’s mass determined from a se- 
cular diminution of the obliquity of 50", in the ratio of 1*0743 
to unity. And finally, Saturn’s was first settled at 777^.79 as 
an elongation of 2' 57" of the fourth satellite required ; and 
then the inequalities in the motion of Jupiter upon this sup- 

E osition, compared with fifty oppositions, showed that it must 
e diminished by whicn reduced it to 

above value. 

With these values we have the following secular motions of 
the planets’ orbits : 

Vol. 65. No. 32L J«w. 1825. D Sidereal 
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On the Annual and Secular Chaiiges 
Sidereal Motion of the Perihelia. 



By the 
Action of 

Mercury.j 

Venus. 1 

1 

Earth. 

Mars, jjupiter. 

Saturn. 

Georgian. 


-4*315 

3*238 

—*415— *016 
3*022 *549 



•896 -5*544. 

2-051 

*009 *000 

*000 

•030 -873 

1-121 

*001 *000 

•000 

l-56b 6-436 

6-804 12-313 

15-791 

1*211 

•076 -080 

•184i -660 

1 6*139 

1*182 


Georgian | *002 


Real Mo. 
Preces". 

5-802 

50-100 

-2-467jlO-723.1S-S71 

SO-lOO'sO-100 50-100 

1 

6-27ai6-nii 2-393 
50-100|50-100 50-100 

Ann. Mo. 

55-902 1 

47-633'60-823 65-671 

I56-379 

166*21 1 52*493 



Sidereal Motion of the Nodes. 



The oblkjuity of the ecliptic is deduced from the following 
calculation (the epochs being taken from Woodhouse’s Astro- 
nomy, vol. i. p. 286): 


Mercury *097574. tan. 7® 0' 1" sin. 45^57' 31" . '008612 
Venus 5*829900 tan. 3 23 32 sin. 74 52 38*6. '333595 

Mars *313925 tan. 1 51 3*6 sin. 48 14 38 . 007568 

Jupiter 6*947861 tan. 1 18 51 sin. 98 25 34 • 157640 

Saturn *322870 tan. 2 29 34*8 sin.lll 55 46 013040 

Georgian *007096 tan. 0 46 26 sin. 72 51 14 000092 

Entire annual diininut'’. •520547 


Now 
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in the Solar Sj/siem. 

Now this annual diniinution of Laplace’s, and which De- 
latnbre uses in his Tables of the Sun, is considerably too great, 
and will not at all agree with modem observations. I have 
in the tbllowing table compared the observed obliquity with 
that deduced from it, and also with that from an annual di- 
minution of •4?2667, the number which I think answers better 
than any other I have tried. 

Ulubcg 1437 iSl 30 27 * 23 3 \ 6-0+3V) 0 23 30 3l 0-h4-9 

Tycho 1587 23 29 30 23 29 47*9+17*9 23 29 27*9—2*1 

Cassini 1672 23 28 54 23 29 3*6+ 9*6 23 28 51*6-2*4 

Richcrs 1672 23 28 51*5 23 29 3*6+12*6 23 28 51*6+ 0*1 

Condamine ... 1736 23 28 24 23 28 30*3+ 6*3 23 28 24*4+0*4 

Brinkley ^ 1753 23 28 15-5 23 28 20-4+ 4-9 23 28 16-2+0-7 

Maskelyne 1769 23 28 10 0 23 28 13- 1 + 3 1 23 28 10-2+0-2 

Philoso. Trans • 1772 23 28 8 7 2:1 28 11-6+ 2-9 23 28 8-94-0-2 

Lalande 1780 23 28 0 0 23 28 4-3+ 4-3 23 28 3-0+3-0 

Cassini 1788 23 27 58-6 23 28 3-2+ 4-6 23 28 2- 1 + 3-5 

Delanibre, &c. 1800 23 27 57-0 23 27 57 0 f 0-0 23 27 67-0- 0-0 

Orianl, Pond, ? 1313 03 37 50-5 23 27 30-2— 0 3 23 27 51-4+0-9 
Brinkley, Arago 5 • ^ 

Thus we see that 230 years ago Laplace’s formula errs 39", 
while the greatest error arising from the assumption of "•4'2667 
is only 4'"*9 ; we may therefore consider it nearly correct. The 
progression of the perihelion of the Earth’s orbit came out, as 
we nave seen above, 10"*723; butDelambre from the compari- 
son of a great number of observations makes it ll"*808: I 
have therefore assumed 4'2"*667 and ll"*808 to be the exact 
values for the changes in the obliquity and in the longitude 
of the perihelion, and afterwards calculated the multipliers of 
Venus’s and Mars’s masses upon two suppositions ; die one 
that Mercury’s mass is what Laplace supposes it, and the 
other that it is equal to nothing; and then examined which 
result agreed with observation. 

If we take Mercury’s mass what Laplace supposes it, we 
have the two following equations, to determine the multipliers 
for Venus’s and Mars’s mass (that is the true mass of Venus 
Mars then) 

3022a:+1121 j/=5228 
3336 a; + 75*68 ^ = 24-73 

whence .r = *676905 and 3/ =2*8389. But if we suppose Mer- 
cury’s mass =0, Uien the expressions become 
3022.r+1121 ^=4813 
3336 ^+ 75*68 ,y=2559 

whence .r=*71331 and y= 2*371. On these two suppositious 
the following tables have been constructed. 

* See Philosophical Traiisaclions, 1773, page 93. 
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Motion of the Perihelia. 


. Is0 Suppositiofu 
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1st Supposition. 



2d Sup- 
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in the Solar Systcnu 


2^ Supposition. 


By the 
Action of 

Mercury. 

Venus. 

' Mars. 

Jupiter. 

Saturn, 

Georgian. I 

Mercury 

- -000 

+ *000 

- -000 

- *000 

- *000 


Venus 

-3*107 

- 4*159 

- 6-S73 

- 9*831 

- 4*508 

-18-25d 

Earth 

— *929 

- 7-U9 

- 1*893 

- *009 

- *001 


Mars 

- *247 

- *493 

- -745 

- *669 

- -245 


Jupiter 

-2-187 

- S-133 

-1*1*016 

— 6-948 

-12*293 

-lo-oid 

Saturn 

- -112 

- '271 

— *446 

+ 5-587 

- -323 

+ 1-281 

Georgian 



- *011 

— -049 

- -271 


Sider.mo. 

-6*584 


-20*684 

-11-919 

-17-641 


Preces". 


50*1 

50-1 

50-1 

50-1 


Ann. mo. 

43*516 

32-894 

29*416 

38*181 

32-459 

21*4931 


From the comparison of these results with those procured 
from observation, I am induced to give the preference to the 
latter supposition, or to suppose that the nuiss of Mercury is 
very inconsiderable : the errors of the second hypothesis are ; 
for Mercury’s aphelion and node, -f"*98and — "*79; for Mars’s, 
2'' *53 and —''•71 ; for Venus’s, Jupiter’s, and Saturn’s nodes, 
-h 1"*37, 2"’5, and —"-06 respectively, which are at least as 
trifling as the nature of the subject will admit of. As the 
mass of Mercury can only be determined from its effect oHi 
the motion of Venus’s perihelion, I am at present engaged in 
determining the elements of her orbit from some observations 
in my possession, which I think will enable me to determine 
the motion with considerable accuracy. In the mean time 
I may state that, from using and fur the 

masses of Venus and Mars, most of the annual changes of the 
orbits of the planets are deduced with as great accuracy as 
from Laplace’s, and some of lliem with greater. 

The change in the obliquity from each hypothesis is 


Mercury 

•00861 

•00000 

Venus 

•22581 

•23796 

Mars 

•02149 

•01794 

Jupiter 

•15764 

•15764 

Saturn 

•01304 

•01304 

Georgian 

•00009 

•00009 


•42667 

•42667 


The inclinations of their orbits to the ecliptic are subject 
to the following changes: Mercury "'158, Venus "*019, Mars 
—"•050, Jupiter —"*190, Saturn —"*106 and the Georgian 
"•023. 


V. Anstvef' 
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V. Ansrjaef' to Mr. J, Lindlky^s Letter on the Subject of Vege-~ 
table Physiology*. By Sir 3 hn. Edw. Smith, F.R.S. 4^c. 

President of the Linnccan Society. 

To the Editors of the Philosophical Magazine and Jou^mal. 

Gentlemen, 

T CANNOT but respect that indeperuhince of character 
^ which Mr, J. Lindley avows, in refusinjj to sacrifice the 
interests of science to the personal pretensions of any one. 
I trust that no such sacrifice has ever been looked for on my 
part ; nor should 1 honour the man who. would offer it. But 
I do not see how the interests of science are concerned in this 
gentleman’s charge of inaccuracy in my statements. 

My pretensions are simply these — that the theory of vege- 
tation, first published in my Introduction to Botany in 1807, 
is original. Dr. Darwin’s experiments and observations first 
led me to an acquaintance . with the true sa}>-vessels, or 
arterial and venous system, of Plants, previously taken for 
their air-vessels and lungs ; and Mr. Knight’s more extensive 
and luminous remarks, independent of Dr. Darwin’s, but 
essentially confirming them, led me to reconsider the subject 
of vegetable physiology. With the theory of Du Humel, to 
which neither of those writers, nor even Mr. Lindley, adverts, 
though the only one previously extant, I had always been dis- 
satisfied ; and while the real sap-ve$sels remained unknown, 
the great chemical discoveries of Priestley and others, re- 
specting the effects of air and light upon the vegetable body, 
could not be properly understood. But when all these in- 
quiries and their results were brought together under one 
view, and the vital principle of my great teacher, Mr. John 
Hunter, was taken into consideration, it was not difficult to 
derive from the whole a sufficiently plain and consistent theory 
of vegetable growth, respiration, secretion, &c. To this Theory 
I lay claim as original, with the illustration of all the particu- 
lars concerning the leaves, flowers and fruit, as far as they are 
dependent upon it, and which had never before been ex- 
plained, such as the fall of the leaf, but more especially the 
flowing of the sap,” as it is called, which had occupied so 
much of the attention of every previous inquirer, without 
being understood by any one. Whatever obligation I may 
avow, as I do, to the facts and experiments of others, tlie 
theory built upon them is my own, and competent judges 
have never denied me the credit of it. I am obliged to be 
thus decisive; because Mr. Lindley lias, in a very unworthy 
mMiier, attempted to represent me as giving np my own right. 


^ Phil. Mag. vol. Ixiv. p. loG. 
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Sir J. K. Smith’s Answer io Mr. Linciley. 

If he believed I had no such right, he ought to have given the 
honour where he supposed it to be due. To pjublisli tlie opi* 
nions of M. du Petit-Thouars as entirely novel in this country, 
betrays what I should hope is merely an unacquaintance 
with this branch of science and literature. I am flattered to find 
these opinions so powerfully confirm mine. But whether or 
not this truly eminent philosopher agrees with me in every 
detail, or whether, as it appears, he has carried his inquiries 
further, and made more very interesting remarks, than I pro- 
fess to have done, especially concerning Buds, 1 hope I may 
be excused for attending to other things. Practical Botany is 
iny pursuit, and Nature my book. I have known in my time 
the celebrated philosophers” of France, and their ‘‘ violent 
opposition ” to one another. How they “ cover themselves 
with glory,” and how Englishmen, who have little credit at 
home, cover themselves likewise with wdiat they can borrow. 
Mr. Lindley’s character and abilities are above all this, and 
I hope he thinks as well of mine. If I have differed from hini 
about Reseda and Mespilm^ in my English Flora^ I surely have 
not mentioned him in a way to give offence, and should be 
very sorry if he has taken any. I have found it necessary for 
“ the interests of science ” to differ likewise from M. Richard, 
a truly eminent botanical philosopher, though a great cor- 
ruptor of our terminology, as his translator is aware. Some 
of these differences I have mentioned, with all due respect, in 
a new edition of my Introduction, now in the press, and they 
have no connexion with the matters in dispute between me 
and Mr. Lindley. Though I saw his translation while printing, 
I either did not see, or till lately did not advert to, his pre- 
face, the first paragraph of which is as follows : 

‘‘ Among the number of elementary works which have 
issued from the English press within a few years, it is to be 
lamented that not one should have appeared, which is at all 
equal to ex})lain one of the most important parts of botany, 
the structure of fruits and seeds.” Mr. Lindley thus further en- 
forces this assertion in his letter in your last Number, p. 457: 

‘‘ I said that with reference to the subject of the work in 
question, that is, of fruits and seeds, nothing had been done 
in the form of an elementary work. For the truth of such a 
statement, I appeal to the world.” 

Having, to the best of my abilities, furnished die English 
student of botany with all the information on the above sub- 
ject recpiisile for practical use, always preferring, as in all my 
botanical characters, what is apparent and dear, to what, 
though seeming learned^ is most obscure, difficult and uncer- 
tain, I cannot but feel the above as a personal and unmerited 

attack. 
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attatk. I should however have left it^ as I now do, to the 
decision of every reader. But the sequel of Mr. Lindley’s 
preface does so much injustice to all who have pursued botany 
in this country, and so absurdly contrasts the Natural Orders 
of Jussieu (chiefly indeed* those of Linnaeus) with the artifi- 
cial system of Linn® us, things which no experienced or learned 
botanist could ever put in competition, that I could not but 
be struck with the injustice of the representation altogether. 
On this subject I also appeal to the world,” and having done 
so, I shall return to my own occupations. Having been the 
first to make known to my countrymen, in two different works, 
the transcendent merits of my illustrious'and constant friend 
M. De Jussieu, I cannot be reproached with insensibility to 
his worth, and I am sure he would be one of the last to charge 
me with it. 

Hoping, gentlemen, that I . shall have no further occasion 
to trouble you on any controversial subjects, 

I remain, your constant reader, 
Norwich, Jaii. 18, 1825. J. E. Smith. 


VI. A Lettei* in reply to the Historical Sketch of the Problem 
qf Atmospherical Refraction in the last Number of the Journal 
of Science. By J. Ivory, Bsq. M.A. P.R.S. 

To the Editors qf the Philosophical Magazine and Journal. 

Gentlemen, 

T ADDRESS you to request you will insert in your next 
publication the following observations, occasioned by an 
historical sketch of the problem of Atmospherical Refraction 
that appeared in the last Number of the Journal of Science 
edited at the Royal Institution. 

1. It is said, p. 375, that the exponent | which I have 
chosen in my solution of the problem, is derived from obser- 
vations on mountains at small heights. This is incorrect. In 
the average I have adopted, all the gr^test known heights are 
taken into account, not excepting Qay-Lussac’s ascent. The 
result obtained is then compared tW same ascent, which is 
the greatest height hitherto attain^ by man; and the dif- 
ference is shown to be very incoxU^rame* 

Great stress is laid upon the extreme accuracy of the French 
Horizontal Refraction. Laplace has adopted this quantity as a 
mean of the results of astronomers, although he allows that 
the quantity of this element has been very imperfectly ascer- 
tained. If we turn to the Tables Astronomiques^ 1806, we shall 
tod the horizontal refractions adopted by six eminent astro- 
nomers ; 
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nomers ; the greatest being that of Laplace 2026'% and the 
least tliat of Mayer 1885"; and M. Bessel now makes the 
same quantity amount to more than 2160" by direct observa- 
tion, Therefore all arguments must lose their force, which 
suppose that no variation cto take place in an element so im- 
perfectly known. 

But it would be futile to scrutinize minutely the observa- 
tions of an author whose chief solicitude is to say eveyy thing 
•that will at all make for his purpose. He glides along, heap- 
ing assertion upon assertion, without much minding the firm- 
ness of the ground on which he treads 

2. In p. 376, I am charged with a mistake and a paradox. 
The reason assigned is a very extraordinary one. The mis- 
take is said to arise from correcting the expression of the 
pressure so as to be = 1 at tlie surface of the earth, a proce*^ 
dure, it is thought, which is not necessary. Now it is clear 
that the pressure and density, denoted by the symbols j/ and z, 
do not mean the absolute, but the relative quantities; that is, 
the proportions of the pressure and density at any height in 
the atmosphere to the like quantities at the earth’s surface. 
Therefore, in ascending from the earth, we necessarily have 
initially = 1, ^ = 1. 

In the hypothesis of Kramp and Bessel, the rigorous quan- 
tities are i <'s 


but the expression of the density is made more simple ; and 
tlie quantities used in calculation are as follows : 


z — c ; 

the function for heat being In order to show how 

nearly one density numerically equivalent to the other, 
M. Bessel gives a table df the values of both computed for 
the same values of '5, extending the calculation to a great 
h.eight in the atmosphere* ; ' ; 

'■i , 

* It is said, p. 378, that I had discovered that the French Tables were 
computed for "the freezing temperature. 1 made no discovery. The con- 
struction of the tables is very fully explained by Delambreln tbe Tables 
Astronomiqiies,l^06, The whole of the passage relating to the corrections, 
p. 378, is very strange. 

Vol. 65. No, 321, Jan. 1825. E Now 
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Now jn all this it is presume^ that the substituting of one 
density for the other will produice no material alteration in 
the atmosphere in other respects ; not reflecting that a change 
in the expression of the densit}’) although numerically insensi- 
ble, by yarviiig both the pressure and the function for heat, 
may entii*ely alter the nature of an atmosphere, as happens in 
the present instance. When the density is the 

rigorous expressions of the pressure and the function for heat 
are respectively, 

1— e 1—^ 


l-c 1-e 

by which it is proved that the properties of the new atmo- 
sphere are entirely different from those of the one originally 
assumed. 

Thus there is neither mistake nor paradox in my paper, 
although there is some inconsistency in the calculations of 
Kramp and Bessel. 

3. It is said, p. 377, that my table of refractions has been 
examined in a former Number of the Journal. Now here the 
word examine must be understood in a sense different from its 
usual import in the English language. Ihe author selects a 
set of observations by Mr. Groombridge; he then alters his 
table in various respects so as to reduce the errors of the ob- 
servations to the least possible quantities, that is, so that the 
errors with opposite signs may be equal in amount. Having 
made the most of his table, he compares his manufactured re- 
sults with the errors of the same observations computed simply 
by my table ; and in this manner he makes out that one table 
hlu; little to boast of over the other. But, since they cannot 
be compared when put on a par, every candid examiner, fol- 
lowing the rules of an unsophisticated logic, must conclude 
that there is no comparison betMreen them. What he is pleased 
to call an examination, is an attempt, pet' fas et nefas^ to raise 
up his table to the same level with mine. 

4. 1 must now advert to a more disagreeable point. What 
Dr. Young calls his latest solution of the problem, published 
in the Philosophical Tranactions 1824, and another particular 
solution motioned at the end of the XI Vth Number of the As- 
tronomical Collections in the Journal of Science, are both taken 
from my paj)er. First, it is certain that the solutions in 
question are jiarticular cases of my general formulm, when 

a certain 
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a certain value is given to the indefinite index. Secondly, 
Dr. Young was aware that the two solutions were a part of 
my theory when he published them. For my paper was be- 
fore the author in manuscript when he wrote the XIVth Num- 
ber of the Astronomical Collections ; and when he speaks of 

the equation ^ the words imply that he had compared 

it with other particular cases of my general formulae, having 

.different exponents. The other formula, ^ = f he 

never mentions without noticing that it belongs to a class of 
atmospheres which I had excluded ; excluded, however, for 
no other reason than that they did not seem to approach so 
near nature as another class. Thirdly, Dr. Young has found 
out no physical property of the two atmospheres he has 
chosen which is not expressly developed in my paper. He 
lays, indeed, great stress on the mathematical property, which 
they possess, of exhibiting the refraction in a finite form. 
But, besides that this consideration is really of no moment 
and can weigh nothing in the balance against the least physi- 
cal advantage, it is no discovery ; for the two assumptions of 
Dr. Young are immediately deduced from my general for- 
mula, by choosing the particular value of the index that will 
make the radical in the expression of the refraction a qua- 
dratic trinomial. Fourthly, Dr. Young has nowhere inves- 
tigated either of the two assumptions. It is easy to take the 
expressions when they are found out, and, by substituting 
them in the formula for the refraction, to show that the re- 
sults are integrable; which is all that Dr. Young has done. 
But the question is how he came by them. Mere conjecture 
can hardly be supposed to lead to such particular formulae. 
There must have been some train of thought which enabled 
liiin to choose two individual expressions in an infinite variety. 
But on this point we have no information. And we are as 
little informed on what grounds he asserts that the equation, 

5 

y — T belongs to an atmosphere which perfectly 

represents the true decrement of heat at the earth’s surface. 
There is no proof of this in his paper in the Philosophical 
Transactions 1824, and he has nowhere else treated of the 
same formula. . But every thing that I have mentioned he 
might find in my paper, which was in his hands, and to which 
he had paid some attention. 

5. In the Philosophical Magazine for September 1821, I 
made some observations on Dr. Young’s method for the ns 
fractions ; and I shall now inquire whether, after so much di^ 

E 2 cushion. 
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ciission, what I then advanced requires to be qualified in any 
respect., Precision requires tliat we consider separately the 
infinite series, after the manner of Brook Taylor, and the 
finite formula which expresses the density by the four first 
powers of the refraction. 

I made no observation on the infinite series, except that it 
does not converge ; and I proved the want of convergency in 
a particular instance. This brought upon me a torrent of 
vehement writing not confined within the limits of hienseance* 
Since that time, mathematicians, whom Dr. Young dares not 
treat with so little ceremony, have come to the sanie conclu- 
sion. There is now so great a relaxation in asserting the 
convergency, that it is not necessary to add any thing more on 
this head. 

In the Historical Sketch the finite formula of four terms is 
called an approximately method. I cannot find any good rea- 
son w'hy this name is given to it. As the coefficients are in 
some respects arbitrary, it certainly cannot approximate to 
any one determinate thing. But it may be thought to have a 
pre-eminent title to the appellation, because it will approxi- 
mate to every thing. I called it empirical. This again ex- 
posed me to much violent writing, at the same time that the 
author, with an inconsistency not unusual to him, allowed that 
it was partly empirical. He now says that the coefficients are 
to be empirically modified. We are therefore likewise agreed' 
on this head. I shall drop my offensive epithet, and use the 
phraseology of the author, wliich will equally serve my pur- 
pose. 

The only explanation of the- table of refractions in the 
Nautical Almanack that has ever been laid before the public, 
is the formula for calculation with its coefficients assigned in 
nunVbcrs. But in order to render this satisfactory, the author 
should at the same time have disclosed the considerations by 
which he determined what is arbitrary in the coefficients. 
Every astronomer can compute the table by means of the 
formula ; but no one can construct the formula itselfi There 
is no similar difficulty with regard to my table and the for- 
mula for its construction given in Dr. Young^s paper in the 
Philosophical Transactions 1824. Foi* here the table is known ; 
and the empirical modifications mean nothing more than adjust- 
ing the coefficients so as to reproduce the numbers of the table. 
By the by, this making a table and a formula fit one another 
is very singular and curious, and may not unaptly be called 
playing at calculation. But in the other case, the table is the 
thing unknown; and w6 can attain a knowledge of it only by 

exploring 
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exploring the manner of its construction. What are the em- 
pirical modifications in this instance? Are they derived from 
original observations ? Or must we seek for them in the tables 
already known to astronomer^ ? 

Entertaining a curiosity to understand something of the 
real nature of the table of refractions in the Nautical Al- 
manack ; and suspecting that original observations were not 
much employed ; I thought of comparing it with the tables in 
the best repute at the time of its publication. I found that 
it perfectly coincided with M. BessePs table in the Fwidamenta 
Astrontmice^ as far as 45^ from the zenith. Hence there is 
a great probability that the one table was used in the con- 
struction of the other. If there be 10 chances to 1 that two 
languages are in some way connected which have three names 
ill common, as the author has determined in another place 
how great must be the chance of connexion in two short tables 
tliat perfectly agree in 45 consecutive numbers. At greater 
zenith-distances the refractions in the Nautical Almanack fall 
between M. Bessel’s table and that of the French astronomers ; 
and they ultimately become identical with the latter at the 
horizon. We can now form some idea of the nature of the 
empirical modifications of the formula. The table in the 
Nautical Almanack is a melange of the tables of JVJ. Bessel 
and the French astronomers ; and the numerical coefficients 
are adjusted accordingly. What I have now said is not to 
be considered as mere conjecture ; it is the result of calcula- 
tions that are easily verified. 

The table of refractions in the Nautical Almanack is a sin- 
gular insUince of a set of practical calculations seemingly de- 
duced from a deep theory ; and yet, when we fully reach into 
the truth, having a slight, or even no, connexion with the 
theory. For it is not the formula which produces die table ; 
it is the table, after the choice is fixed to make it consist of 
numbers taken from the tables of M. Bessel and the French 
astronomers, which determines the formula. 

In finally retiring from so long and teasing a controversy, 
allow me, gentlemen, to thank you for the attention you have 
paid to the various papers I have addressed to you in the 
course of it. I remain, &c. 

January 14, 18^5. James Ivory. 

* Philosophical Transactions 1819, pp. 81, 82. 
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VII. On the Alteration of the Arcs of Vibration of Pendu^ 
turns by Ihe Hygrometrical Changes of the Airs and on a Com- 
pensating Pendidum of Deal^ applicable to general Use. By 
Tho. SguiRE, Esq. 

To the Editors of the Philosophical Magazine and Journal. 
Gentlemen^ 

S INCE the lime of that eminent mathematician, astrono- 
mer and mechanic, Christian Huygens, great improve- 
ments have been made in the construction of horological in- 
struments, and especially in those most important parts re=* 
lating to the clock — I mean the scapement and the pendulum. 

It is well known that our atmosphere is often subject to 
great and sudden vicissitudes with respect to pressure, tempe- 
rature, dryness and moisture; and these causes, operating in a 
greatet* or less degree upon the different parts of the mecha- 
nism of the clock, must always have a tendency to render its 
motion unequal, and for that reason unfit for the purpose of 
showing the different portions of time with accuracy. 

To obviate the effects arising from these different causes, 
many ingenious contrivances have been adopted. 

The variations indicated by the barometer must in some de- 
gree affect the arc of vibration, by the changes of buoyancy 
and resistance ; but the error from this source cannot be great, 
owing to the ponderous materials of which our best pendulums 
are made, their slow motion, smooth surface, and lenticular 
form. 

On the other hand, the effects arising from the hygrome- 
trical changes of the air do very perceptibly alter the arcs of 
vibratioti, uiey being considerably greater in a moist than in 
a dry state of the atmosphere; hence, the clock will lose in 
the former case and gain in the latter. This is a great evil, 
and I am of opinion that the most perfect jewelling of the pal- 
lets will not completely remove it. 

In registering severm hundred observations of the semi-arcs 
of vibration mtme by a clock having a dead scapement, going 
fusee work, a motive power of 2 pounds, and a pendulum of 
12 pounds, I have often found these arcs so variable, though 
mostly wiihin narrow limits, as to defy calculation, leaving 
the mind in doubt whether to ascribe the variatimo in the rate 
to the arc of oscillation, or an imperfect compensation. The 
pendulum of this clock is so delicately hung, that a maintain- 
ing power at the pallets of no more than ^ of a dram, 
including the friction of the train, is sufiicient to keep it in 
motion. 


I have 



Mr. Squire on Compensating Pendulums, 39 

I have also found die variation in the arcs of vibration of a 
clock with a recoiling scapement, a heavy weight, and a light 
pendulum, to be still greater than in the one above mentioned, 
with a dead beat scapeinent, a light weight, and heavy pen- 
dulum. 

From these cases it certainly appears reasonable to sup- 
pose that the cycloidal checks would be of service, and I see 
no good reason why they are not now used ; as surely a mo- 
del of so small a portion of the cycloid that would be neces- 
sary for the involute arc of vibration, performed by a seconds 
pendulum, could easily be made. But otherwise, 1 think Mr. 
Farnham’s plan, of facing the pallets with segments of cylin- 
ders, to be the best that has ever been invented, for rendering 
the arc of vibration constant, provided that under such circum- 
stances a perfect dead beat scapenient can be preserved. 

I come now to speak of the pendulum simply in itself; and 
from the nature and importance of this appendage to a clock 
it requires more than ordinary consideration. Now as it is 
well known that all metals expand with heat and contract with 
cold, for this reason the simple pendulum, when constructed 
wholly of such materials, is found to be useless where great 
accuracy is required. Accordingly, many ingenious compound 
pendulums have been invented, for the purpose of counteract- 
ing the effects arising from these causes, so that under every 
degree of atmospheric temperature the centre of oscillation 
may remain constant. Hence we have the angular, the lever, 
the conical, the gridiron, the mercurial, and a great many 
other compound pendulums : but I believe the last two are 
those mostly used in our best astronomical clocks; and if pro- 
perly constructed, so that a just compensation is invariably 

E reserved, they must be considered the best of the kind that 
ave ever been invented. Valuable as these pendulums doubt- 
less are in a philosophical point of view, yet they are found to 
be too expensive for general use. For this reason, I would 
recommend the wood pendulum in preference to all others, 
as combining in one important unity, cheapness and utility ; 
and I am moreover convinced from experience, that a pendu- 
lum with a deal rod, previously prepared and properly ma- 
naged, will perform, under similar circumstances, equally well 
as the best compound pendulum that has ever been invented. 

For this purpose take a straight-grained well-seasoned piece 
of deal, perfecuy free from knots, and which in the rough may 
be about one inch in breadth, half an inch in depth, and three 
leet and a half in length : let it be exposed for a considerable 
time to a gradual increasing heat, till at last its surface be- 
comes a little charred ; it may then be planed to its proper 
. breadth 
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breadth and thickness ; and after cutting it to the required 
length, let the surface be well coated with copal varnish, and 
the ends dipped in melted sealing*wax, to prevent the least 
moisture penetrating the wood, which is of the utmost conse- 

? uence to the accuracy of the pendulum in its simple state. 

(ut still, if, after all, the pendulum should be found to be in 
some degree affected by the changes of the atmosphere, ive 
happily have in the nature of wood a remedy at hand for this 
inconvenience. 

As the exj^ansion and contraction of deal is much greater 
across than in the direction of the grain, cut a small block 
from the waste piece, equal in length to the width of the pen- 
dulum rod, and of the same thickness, which may be about 
“78 of an inch by *37 respectively; let this block be placed with 
its 'grain at right angles with that of the rod, having its lower 
side rating on the nut at the bottom of the pendulum, and its 
upper side supporting the bob, and which, if judiciously placed 
beiiind the front plate, will not only be nearly out of sight, 
but may be so contrived as equally to compensate for the up- 
per part of the screw, and the small piece of spring on which 
the pendulum is hung. Experiment proves that with deal the 
block need not be more than half an inch in width for the 
compensation of a seconds pendulum rod of the same material. 

It is almost unnecessary to remark, that the compensating 
block should be from a part of the same rod as the pendulum 
to which it is applied, and also be in every other respect simi- 
lar as to previous preparation, &c. 

I remain, gentlemen, yours, &c, 

Epping, Dec. 15, 1824. j Thomas SguiRE. 

P.S. I take this opportunity of returning my best thanks 
to Dr. Burney and Mr. Veall, for their ready compliance 
with my request relative to the situation of their meteorolo- 
gical instruments. 

I should like very much to see an account of some well 
conducted experiments on the expansion and contraction of 
w'ood, made under different degrees of temperature and dry- 
ness, with the ratio of the same across and in the direction 
of the grain ; at the same time pointing out the best and most 
expeditious methods of entirely destroying this variable pro- 
perty (Jf wood. T. S. 


[We think it maybe acceptable to our readers if we subjoin to the above 
communication with which Mr. Squire has favoured us, some extracts re- 
lating to the use of deal for pendulum rods from Mr. Daily’s valuable Paper 
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on the Mercurial Compensation Pendulum, read and June 18^3 be^ 
fore the Astronomical l^ciety, and just published in the second part of the 
Society’s Memoirs, p. 385. and p. 411. — Edit.] 

On the Use of Wood for Pendulum Rods. By F. Baily, JEiy. 

Having enumerated the principal experiments that have 
been made on the expansion of mercury, I shall proceed to 
an examination of those which have been made, by various 

f iersons, on those substances of which the rod of the pendu* 
um may be composed. Of all these substances, that of wood 
appears to be the least expansible ; but, it is unfortunately so 
liable to be affected by the moisture of the atmosphere, that, 
notwithstanding vve coat it with varnish, or sealing ivax, or 
paint, or gilding, or even bake it, and impregnate it with oil, 
it has seldom been found sufficiently accurate for the refined 
purposes of the modern astronomer. I would not, however, 
wish to discourage aiw attempts to render this substance more 
fit for general use. Fitted up with a leaden bob (in the man- 
ner wiiich I shall hereafter describe), it forms the cheapest 
pendulum that I know of : and, if placed in a room where 
there is an uniformity in the atmosphere, it might answer 
every useful purpose for an economical observatory. At all 
events, it w'ould form an excellent appendage ana improve- 
ment to the common household clock, and would be far supe- 
rior to and much cheaper than the usual and absurd mode of 
hanging a leaden bob to the end of an iron wire. 

*#»#*■*#** 

I have already stated that an economical pendulumfor a se- 
conds clock miglit be constructed by means of a leaden bob at- 
tached to a wooden rod:mnd I shall now show the mode of de- 
termining the relative lengths of these two substances. I have 
preferred lead to zinc on account of its inferior price, and the 
ease with which it may be formed into the required shape : and, 
as there is no considerable difference in their rates of ex- 
pansion, it is equally applicable to our purpose. If we take 
the rate of expansion of deal to be ’0000022685, and that of 
lead to be *0000159200, as given in the table, we shall have 

€ 32^ *1425 = k. Now, if we assume the weight of 

the bob to be 100 times the weight of the rod (which will pro- 
bably be the case), we shall by means of the equation (D) have 
x=’2874‘ (1— •2926+-3832) =’313; which, being substituted 
for X in the equation (C), will give r=:45’75 and b = 14’30^. 

* If the bob were made of zinc, the length of the would be only 

13*88 inches. 

Vol. 65. No. 321. Jan. 1825. F This 
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**This being premised, let us assume 6ss:14^ inches, and 
make the 'cylinder of any diameter, according to the weight 
proposed. The construbtion theii'of such a pendulum will be 
as follows. Take a deal rod, of a convenient size, but not less 
than 46 inches in length, the lower part of which (14^ inches 
^ng) should be made cylindrical, about f of an inch in di- 
ameter : or the whole rra may be of this size and shape. Pro- 
cure a leaden weight or cylinder to be cast, with a hole through 
the centre which will Jreely admit the cylindrical end of the 
rod, and of such a length that when put in the lathe it may be 
reduced to the required standard of 14*3 inches*, and to the 
required weight f. 

** The lower end of the rod should be formed into a screw, to 
which a *moden nut may be fitted, in order to adjust the pen- 
dulum nearly to the given rate : and the final adjustment may 
be made by means of a slider, as above described A pendu- 
lum of this kind will cost but a few shillings, and will answer 
ipany useful purposes, as 1 have found by experience. If the 
expansion of the rod could be depended on, it would be as ac- 
curate as any other. In this construction I have not consi- 
dered the expansion of that part of the sjnnng which is below 
the axis of motion. The effect of this may be taken into ac- 
cpunt, at the final adjustment of the pendulum. 

In all the wooden pendulums which I have seen, the bob 
1ms 'been made of a lenticular shape, and oftentimes been fast- 
ened to the rod by means of a pin passed through its centre ; 
and therefore not constructed with any view to compensation. 
This shape was, I presume, originally adopted with a view to 
overcome the resistance of the aiV, and thus reduce the main- 
taining power of the clock. But it is well known that the air, 
as a resisting medium, has no sensible effect on the rate of the 
clock ; neither is the rate affected by the shape of the bob ; 
we may therefore choose that shape which will best answer otlier 
useful purposes.” 


* Ft will be more convenient to have this cylinder too long rather than 
too short : since we may readily diminish the length of it, if, on trial, it 
should be found that the pendulum is over-compensated. 

f The following are the respective weights of a leaden cylinder 14*3 in- 
ches long, and having a hole, throu^ the centre, equal to f of an inch in 
diameter. 

Diaini^er of Cylinder. Weight. 

n inch. » 6-56 lbs. 

\i » 9*73 

\n « 13-47 

if « 17*80 

a 22*7« 

‘ Asmall sliding weight attached to the rod, as described in p. 402 of 
the Memoirs. 
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VIII, On the Insect called Oistros by th€ Ancient Greeks^ and 
Asilus by the Romans. By William Sharp MacLeay, 
Esq., M.A., F.L.S.* , ^ 

*T^HE determination of the animals and plants mentioned by 
-*■ the ancient writers must always be a pleasing subject of 
research, tending, as it does, not merely to our better com* 
prehension of the meaning of these authors, but also to our 
better acquaintance with the mysteries of nature. Every clas- 
sical reader, as well as every entomologist, is familiar with 
the word Oestftis as the name of one of the most celebrated 
insects of antiquity. The insect itself, however, 

** cui nomen Asilo 

Romanuin est, CEstron Graii verter^ vocantes.** 

ViRG. Georg, lii. 147. 

has not for this been the more accurately determined ; and 
Olivier is the first modern naturalist who appears to have sus? 
pected that the (Estnis of the ancients and the (Estrm of the 
moderns are totally different insects. With an exception in 
favour of Messrs. Latreille, Kirby and Spence, this curious 
remark seems not to have excited much attention ; although 
it may easily be proved that Olivier has come much nearer the 
truth than those who hold the contrary opinion. 

In investigations of the following nature, it is not only ad- 
vantageous but necessary to begin from some fixed and indis-* 
putable position. Now such I take to be the identity of the 
insects termed in French taofi; in Spanish tavano ; in Italian 
tabaaoi and in Latin tabanus. The tabani are unfortunately 
insects too common for their name to have ever been forgot- 
ten ; and knowing what the country-people in France call 
taons, we know the insects which Pliny anciently termed tabanu 
By comparing Pliny with Aristotle, we find tliat he invariably 
translates die word {cceadiens) by the Latin word taba^ 
nus; and entomologists know well that this Greek name is 
extremely appropriate to the modern tabani or taons, which 
are so remarkable for their eyes, that a common species of 
Chrysops has at the present day the trivial epithet of ccecuiiens^ 
Now it appears from Aristotle, that the and 

were insects extremely near each other in affinity ; they are 
almost always mentioned by him together, and agree in every 
respect but that wherein AristoUe was least likely to be accu- 

. * From the Transactions of the Linnean Society, vol. xiv. p. 3fi3.^ 
f is a name also applied by Aristotle to some small insectivorous 

bird, and to Some species of the Cymothotida}, which is parasitical about the 
fins of the Tunny. Pliny also appears to apply the word OSstna to the 
drone (lib. ii. c. 16.). ,» 

F2 rate, 
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rate, nanjely, their mode of generation. In description tliey 
always accord ; they are both diptera^ and therefore he says 
necessarily ofiSev B’ eori BiWejov B«io*9oxiVTpov.” 

^Jow this, by the way, proves notonly that the oVrgo^ was not 
the modern CEstrus^ but moreover that Aristotle could never 
have seen a modem (Estms attack cattle ; for had he seen it, 
he would most assuredly have deemed it ^lo-fioatyrgo^. And 
yet he must have seen his diergog about cattle ; for he states 
positively not only that the oiergot pierce the hides of quadru* 

E eds, but that they are armed witn a strong tongue, and are 
IcKxl-suckers In both these last respects it is 

to be observed, that they differ totally from the modern OSstrus, 
but perfectly agree, as M. Latreille has welt said, with the 
Linnman Tabanu 

^lian describes the ol^rgog and in the same way as 

Aristotle. They are both most inimical to cattle (/Sovetv ex- 
itora). The olarpog he states to be one of the largest flies (xa- 
rA rAg fjLvtag rAg piyla-Tag)^ having a strong sting in its mouth, 
and uttering a particular kind of harsh humming noise (^yov 
fiopSwSyi TivA xai r^ayuv). The on the other hand, he 

says is like the fly called by the Greeks xuvojxufa; and although 
it makes a louder hum than the dterpogf he states that it has a 
smaller sting. 

If we now turn to the poets, we shall find that their account 
of this insect tallies perfectly with the above description of 
the ancient naturalists, but not at all with the modern genus 
(Estrus. 

Homer describes his (Estrus as aioXo^, a word which ap- 
plies admirably to the most common of all TabanidcCj namely 
the Tabantts pluvialis df Linnaeus, as well as to the insects 
which now form the genus Ckrysops^ And the Scholiast, after 
stating that the oicrrgo^ and are very near in affinity, says 
that the latter differs in having a smaller sting in the mouth, 
and in being subaeneous in respect to its aspect or facies (uxo- 
;(aAxov rijv pogfr^v), thus evidently pointing, as 1 think, to 
the difference which exists between the moJern genera Taba- 
nus and Hcematopota^ the latter having much more splendid 
eyes. That Homer’s insect was not the modern (Estms may 
brides be inferred from what he says of the season in which 
it makes its appemrance, 

l» flctqipyif oTf T if/tcurce ftcezgei 

for there ^re few cases, I believe, of the modem CEstri appear- 
ing earlier than the middle of July. And this circumstance, 
by ' the way, leads also to the conclusion, that the English 
brfe$e or brize is not the modern (Estrus^ although it is gene- 
rally 
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rally understood so to signify in the following punning lines 
of Shakespeare : 

** Cleopatra^ 

The breeze upon her, like a cow in June, 

Hoists sail and flies/’ 

Now Mouffet, who, both as an entomological observer and 
as a contemporary of Shakespeare, was likely to know the in- 
sect then named brize, says expressly that the breeze, clegg, 
clingez and taon, are all the same insect, his descrij^ion of 
which proves it to be no other than the Hccmatopota pluvialis, 
for which the Clegg remains to this day the well-known and 
appropriate provincial name — a name totally inapplicable to 
the modern CEstnis. 

I have before said, that Aristotle makes it quite evident that 
his ol<rTpos and were very nearly of the same construc- 
tion. So near indeed in affinity do they appear to have been, 
that ^schylus would seem to consider them as identical in 
his Prometheus vinctus. From this poet we learn, that they 
are 6^u(rT0fjL0i, and pierce the skin. lo says, 

** OUrpiTictTM Ofi \ftkmetp 

lleegiexoTOv 

In short, wherever the is distinguished from the 
I take the former to be either a Chrysops or Heematopota*, or 
some insect near to them, and the latter to be some species of 
the modern gmwsTabanits, probably the Tahanus bovinm\JaiX%. 
or dim-fly, whose power of agitating cattle I have myself had 
occasion to witpess. This last insect certainly appears to be 
the Asilus and (Estrus of Virgil. That this poet's insect can- 
not be identical with any modern (Estrus is clear from his de- 
scribing it to be in great plenty, and to be acerba sonans.’* 
Now the (Estrus hoDis is very rare every where ; and, accord- 
ing to Mr. B. Clark, makes na noise. The (Estrus equi is 
also silent in flying, as I have repeatedly myself observed. So 
that neither of these insects can be that which is celebrated by 
Virgil, whose description of the ability of the ancient oJrrgoj 
to make a particular kind of humming noise is corroborated 
by the Scholiast before mentioned as well as by ^lian. 

Messrs. Kirby and Spence in their Introduction to Entomo- 
logy think that the ancient Myops was some species of t<a- 
treiile’s genus Tabanusy and that the (Estrus of the Greeks may 
either have been a Pangonia or a Nemestrina. What we 

* One circumstance which is mentioned by ^lian respecting the MyojM, 
namely, that it makes a louder hum than the (Estrus, is perhaps against its 
identity with the modern genus Htcmatvpola. 

know, 
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know^ however, of tlie latter genus answers in no one respect 
to the description above givep of the ancient (EsMtSy which 
certainly was an insect allied to the modern TabanuSi whereas 
Nemestrina has no immediate connexion with it either in eco* 
nomy or structure. Besides, no Nemestrina has ever yet been 
found in Europe. The argument for Pangonia is rather 
stronger, as this is not only an European genus, but one nearly 
allied to Tabanus* Aristotle however says, that his CEstrus 
and Myops have both a strong tongue yyJhrTuv e^ovo-t); 

a description in perfect accord with the mouth of a modern 
Tabanus^ but quite at variance with tlie long, weak and flex- 
ible proboscis of Pangonia^ which can scarcely be supposed 
capable of piercing the hide of an ox. Olivier and Latreille 
indeed both state, that the long trunk of Pangonia, like that 
of Bombylius, only serves for sucking flowers. But to insects 
that suck flowers Aristotle expressly places bis in op- 

position. 

It is rather interesting to remark the manner in which the 
early modern naturalists viewed this subject. Mouflet’s opi- 
nion is, as far as 1 can make it out, the same with mine given 
above. At all events he considers the [jLva)^ of the Greeks to 
be our Hamatopota pluvialis. Ray, on the other hand, con- 
siders this insect to be the ohrpos, as we may judge from the 
following description, Musca bipennis CEstrum dicta, alis 
membranaceis punctis crebris nigrioribus velut ads})crsis ; ” 
which is clearly the Hcematopota, 

Valisnieri appears to have been the first naturalist of any 
repute who tooK the modern (Estrus to be that of Virgil, while 
Martyn and other commentators’ seem to have adopted his 
opinion. The first insect, which Linnasus considered to be 
the (Estrus of the ancients, appears to have been a species of 
the modem genus Asilus, prooably the Asilus a'dbroniformis, 
as we leam from his Lachesis Lamonica* This was a gross 
error ; and he soon rectified it, as he thought, by adopting the 

S union of Valisnieri. It is not indeed unlikely that some of 
e ancients* should, like Valisnieri, have seen the j^erfect in- 
sects of the modern CEstrus flying about cattle, and that they 
should have witnessed the extraordinary agitation which they 

* Aristotle was not certainly one of these ancients ; for he could never 
have seen a female of the modem (Estrus, as appears from lus stating that 
no dipterous insect has its sting placed behind. It seems however to have 
escaped the notice of naturalists^ that this ^eat philosopher was acquainted 
with, fa^ described the larya of one of the modern family of (Estrida; 
and, as is rather singular, precisely that larva which Reaumur describes as 
infesting the fauces of the stag, but of ivhich the perfect Insect remains still 
unascertfdned.— See Arist, mst, Amm, ii. c. 18; ahd Reaum. tom, v. 67 

produce ; 
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produce : but however this may be, they certainly appear to 
have always confounded such insects with the more common 
Tabani; for it is the modern Tabanus^ or some genus ex- 
tremely near to it, that they haVe always described as the 
oUrgos* 

I shall take this opportunity of quoting a passage from 
Mouffet, which proves that he was acquainted with the mo- 
dern genus (Estrus^ although he did not confound it with the 
ancient oierr^oj. The passage will also show us how valuable 
' is the information sometimes to be procured from this obso- 
lete work ; since, if we connect it with what Reaumur has. 
said of the (Estrus equi^ we have almost the whole economy of 
this interesting insect : 

“ His proximo accedit alia musca bobiis et jumentis interdiu 
sole fervido infesta, quam Pennius Curvicaudam sive o-xoXiougov 
jure appellat. Semper enim cruribiis aut ventri jiimenti insi- 
dcns, caudam versus ipsam recurvam tenet et spiculum exer- ‘ 
turn quo ad percutiendum cauda sit paratior (S/ffrfjov otio^Jo- 
xsvTpov). Hauc Anglia: JVkameand a BurrelUjlye vo- 
cant, nec nisi in AngliA facile invenitur. Musca h®c api fere 
similis forma et colore, sed corpore est crassiore. Non ad- 
hmret nec sanguinem siimt sed solummodo stimulo in cauda 

f mngit, atque ut equos amigat per longissima itinera ipsos vo- 
ando persequitur. Equi naturn hanc muscam timent et ad 
ejus solum contactum quasi horrent, cauda pedibusque et la- 
biis tarn cruentum hostem abigere ssepe conantes. Sunt qui 
putant hanc muscam non acmeo pungere, sed stercora {ova) 
pilis equi affigere cauda, unde postea molestissimse lendes gig- 
nuntur. Magno quidem impetu sed cmco ad praedam Taba-> 
nus atque SMhmgos feruntur.” p. 62. 


IX. On a supposed Anomaly in the Rotation pt'oduced by the 
Galvanic Cunent. By Mr. W. Sturgeon. 

To the Editors of the Philosophical Magazine and Jommai. 

Gentlemen, 

I T appears to have been hitherto remarked bv every writer 
on Electro-magnetism, that the direction ot rotation is al- 
ways reversed by changing the direction of the Galvanic cur- 
rent, provided tbe magnetic bar remiuns unmolested. It has 
so happened, however, in one of my experiments, whilst ro- 
tating a galvanic wire round the pole of a magnetic bar, that, 
althcmgh the latter be not paltered in its position, yet the former 
will continue to rotate around it in the same direction, what- 
ever 
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ever change be made with resect to contact ; that is, whether 
the wire be descending from me zinc, or descending from the 
copper side of the battery. 

mw as this phenomenon appears somewhat anomalous to 
every other electro-magnetic experiment yet made public, I 
should feel obliged if any of your scientific correspondents 
would make known through the medium of your valuable and 
widely disseminated Journal, if a like phsenomenon has ever 
occurred during their experiments ; or, according to the pre- 
sent received doctrine of electro-magnetism, unqer what cir- 
cumstances this invariable rotation can possibly happen. 

Your most obedient servant, 

Artiller}" Place, Woolwich, W. StuUGEON. 

Jan. 2\st, 18^5. 


IX. Notices respecting New Books. 

The Natural History of the Bible ; or A Description of all the 
Quadrupeds^ Birds^ Fishes^ Reptiles^ and Insects^ Trees^ 
Plants, Flowers, Gums, and Precious Stones, mentioned in the 
Sacred Scriptures. Collected from the best Authorities, and 
alphabetically arranged. By Thaddeus Mason Harris, D.D. 
Boston, New England. WeUsand Lilly, 1820, 8vo, pp. 476. 
Reprinted by T. Tegg, London, 1824. 


A MONO the valuable contributions to science and litera- 
rature with which our American brethren are now eii- 
richmg our language, we are happy to notice this useful volume. 
The want of such a work has been much felt in this country ; 
and we understood some time since that both Dr. Leach and 
the Rev. C. Wellbeloved meditated such an undertaking. It 
is of essential service to the public to possess works on subjects 
of common interest, comprising in a small compass what before 
could not be found without access to voluminous authors and 
extensive libraries. The work before us is limited in its object, 
and without being prolix is generally sufficiently full. We know 
not of any other Dook on the same plan ; and it is not rendered 
superfluous by late translations of separate books of the Sa- 
cred Writings, or by running commentaries on the same. 

In order fully to understand the Sacred Writings, a know- 
ledge of .whatever is local and peculiar becomes important. 
Not the least important, as contributing to the illustration of 
Scripture, is Natural History. The poetical books of the He- 
brews, in particular, abound in lively comparisons, local allu- 
sions, and strong metaphors, drawn from material objects,. 

whose 
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whose most powerful charms arise from their individuality. 
The ^al import' of the sentiment, expressed by such allusions 
and metaphors, must be j^hered from a knowledge of the ob^ 
jects on which they are founded. Much of the poetry the 
Hebrews, like that of every people of a remote age, partakes 
largely of the pastoral kind, resulting from the personal occu* 
nation of the authors, or the common condition of mankind. 
To enjoy the beauty of the pastoral scenery which is so often 
alluded to in the Hebrew Scriptures, one should have some 
knowledge of the climate imd natural productions of the c<^un- 
try which furnishes it ; and every thing which tends to make 
the sacred Scriptures more engaging to the mass of readers; 
by illustrating what is obscure, is a great good. 

In regard to the Botanical part, Dr. Harris names, as his 
primary authorities, Hiller* and Celsius, the latter of whom 
IS spoken of with great respect by Linnieus, as the most con- 
summate Polyhistor of his age. Though this friend and patron 
of Liniueus devoted a great part of a long life to the illustra- 
tion of the plants mentioned in tlie Scriptures, yet he did it 
under so many disadvantages, that Linnmus, in the interval 
between the publication of the first and second volumes of the 
Hierobotanicon of Celsius, (1745 — 1752,) mentioned ei. Flora 
Palastina as among the desiderata ; and declared that tvho- 
ever should visit the Holy Land, and make a collection of 
the plants of Palestine, would be immortalized by theologians. 
Stimulated by diese remarks, which fell from Linnssus in one 
of his lectures, Hasselquist, then a student of medicine, bent 
all his efforts to the accomplishment of the great and difficult 
undertaking. Having already made great advances in Natural 
History, he studied the Arabic language, and with much dif- 
ficulty and delay procured scanty pecuniary means for his ex- 
pedition. When he arrived at Smyrna, s^s Linnaeus, he was 
treated with the utmost hospitality by the Consul-general, who 
sent him to Egypt; and having remanded at Cairo about a y^r^ 
he pursued his travels through Arabia and Palestine, diligj^tly 
collecting all the plants he could find, and describing the ani- 
mals ana stones wnich he met with. After his return to Snwma, 
he died of the disease under which he had kaig laboured, and 
his creditors took possession of his manuscripts and collections. 
The queen of Sweden redeemed them, ana directed Linnaeus 
to arrange and putidish the writings of Hasselquist, at the same 
time givi^ to him specimens of sdl the plants^ of which she bad 
dupwaties«.N Of these Linnaeus gave an aiccouiit iii his Flora 
PdlasHnd^ to which he added a few that were collect^ by 
Pococke, Rauwolf, and Shaw. 

* Hierop^ticotty 4to, 1725. 

» Vol. 6r>. No.321. ./«/. 1825. G 
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Bnicf, whose reputation as an authority has, contrary’to 
that of some travellers, increased with the increasing know- 
ledge obtained of the countries which he visited, contributed 
considerably to the stock of information concerning the Natu- 
ral History of the Bible. Preparatoiy to his great expedi- 
tion^ he studied the Oriental languages, at Algiers, with great 
zeal and diligence; and from a knowledge of the original lan- 
guages of the Scriptures, he claims an advantage over pre- 
vious travellers in the East, who were cither not at all, or but 
very superficially acquainted with those languages. He made 
it a rule also, in describing plants and animals which he saw, 
to prefer those mentioned in Scripture, particularly where 
doubts had arisen among translators and commentators. To 
these authorities on the subject of plants, Dr. Harris adds 
Dioscorides and Pliny, among the ancients ; and Alpinus, 
.Rauwol^ Shaw, Russell, Forskal, and others, among the nio- 
derhs. 

The author’s leading authority concerning the Animals 
mentioned in Scripture is Bochart, a learned orientalist of the 
seventeenth century. His Hiei'ozoicon^ which, as its name 
imports, relates to the animals spoken of in the sacred writ- 
ings, was printed at London in 1663. Great accessions have 
been made to this department of knowledge since that period, 
giving certainty to what was doubtful, and correcting what- 
was erroneous ; yet it seems, for the most part, that the opi- 
nions of this indefatigable scholar are confirmed by the testi- 
mony of the most learned and intelligent travellers since the 
period in which he wrote. Dr. Harris, though one might ap- 
prehend Trom his preface that he had relied too unhesita- 
tingly on Bochart, is not. wanting in the examination of sub- 
sequent authorities*, and giving them their due weight in com- 
ing to his own decisions. 

Another 

* We may cite as an instance the following passage from tlie article 
Lay, 237): ** Mr. Salt, in his Voyage to Abyssinia, [). 419, says, 

.* At a few miles from Adowa, we discovered a new and beautiful species 
of AmatyHisy which bore from ten to twelve spikes of bloom on each stem, 
as large as those of the Belladonna^ sprinmng tirom one common receptacle. 
The general colour of the corolla ucas white, and every petal was marked 
with a single streak of bright purple down the middle. The flower was 
sweet-e^M^d, and its.smml, tnough much more' powerful, resembled that 
of the liWbf the valley. This superb plant excited the adnuration of the 
whole||^y ; and it brought immediately to my recollection the beautiful 
compiflon used on a particular occasion by our Saviour, 1 say unto you 
that l^lomon in aU his fjxay was not arrayed like one of these.* And Sir 
J.E. Smith (Condderatmns respecting Cambridge), observes, * It is natural 
to presume the divine teacher, according to his usual custom, called the at- 
tention of his bearers to some object at hand ; and as the fields of the 
Levant are overrun with the AmaryHU lutea, whose golden liliaceous 

flowers 
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Another aiitJiorityi confined to no particular department of 
the Natural History of the Bible^ is J. J. Scheuchzer, who 
died, in 1731. His great work^ Physique Sacree^ embraces a 
wide range of inquiry and speculation, not only concerning the 
Natural History of the Bible, but every thing remarkable in the 
works of art. it may be supposed, that in eight folio volumes 
on the subjects above enumerated, there would be enough, and 
jnore than enough, both of that which depends on evidence, and 
of diat which is merely theoretical ; but to an author who knows 
how to separate the wheat from the chaff, superfluity, though 
often troublesome, does not produce loathing or disgust It was, 
we presume, by such a spirit of patient inquiry, that Dr. Har- 
ris was enabled to endure the strange vagaries of Parkhurst, for 
the sake of what so fearless a theorist might sometimes, even 
by his boldness, contribute towards probability and trutli. Of 
Scheuchzer Dr. Harris has made principal use for determining 
the serpents and insects mentioned in Scripture. Riidbeck is 
his })rincipal authority for the fishes, and Lemnius and Braunius 
for the minerals and precious stones. 

In the use he has made of the authors above mentioned, and 
of various others, Dr. Harris manifests a due discrimination, 
and puts it in the reader’s power generally, in cases of doubt, 
to weigh the evidence for himself: and we consider him to 
be entitled to the thanks of the public for having brought 
within a reasonable compass the most valuable materials on 
the subjects of which he treats ; for having arranged them 
in a convenient method ; and, in general, for having arrived 
at his own conclusions, on the best evidence which the sub- 
jects admit. 

A Correct Abstract of the New Act for asca'taining and esia^ 
blishing Unifot'tnity of Weights and Measures: to which are 
added Six Original Tables, comprising the Old and New 
Standards, &c. &c. ; by the aid of which Dealers and. Pur- 
chasers may easily understand the total Change throughout 
the United Kingdom^ which will take place May 1st, 1825. 
By Henry Butter, Master of the Academy, Goswell Road. 
I.^iidon, 1825. 12ino pp. 40. 

We are glad to see tne class of cheap publications fami- 
liarly explaining and reducing to the purposes of business the 

flowers in autumn afford one of the most brilliant and gorgeous objects in 
nature, the expression of Solomon in all his glory not^ being arrayed like 
one of these, IS peculiarly appropriate. 1 consider the iceling with which 
this was expr^sed as the hipest honour ever done to the study of plants ; 
and if my botanical conjecture be right, we learn a chronological tact re- 
specting the season of the year when Uic Sermon on the Mount %vas de- 
livered/ 

G 2 
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provbiohs of so important a public measure^ as the Weights 
ond Mes2sures Act, commenced by Mr. Batter’s pertil^nt and 
correct little work t tlie contents are so fully stated in the 
title,, that it is not requisite to detail them ; and as their nature 
afl|>rds BO'scbpe for criticism or quotation, we may dismiss the 
subject wit|( this general opinion of their utility. 

ANALYHgie OF PERIODICAL WORKS ON NATURAL HISTORY. 

Curtises Botanical Magazine, No. 454<. 

PU 2523. Calceolaria rugosa, a native of Chili;— this and integrifolia the 
Editor considers as only varieties. — Ageratum mexicantm^ " his|)iduiii. foliis 
cordato-ovatis crenatis rugosis, corymbo composito, paleis panpi laiiceolatis 
aristatis ;** — from seeds brought from Mexico by Mr. Bjidlock.— 
ris Plumien,---HeliophUa etrictat ^caule stricto, foliis pinnato-dentatis in- 
tegrisque hirsutis, siliduis lineartbus subtorulosis pubesccntibus erectis da- 
vato-mucronatis.” This species agrees in many ret>pects with coronopifolia, 
and must be near to pUosa in DeCandoIle’s system. — Melodintu monogynus 
ftom the East Indies.— /m long^patha^ ** imberbis, foliis lineari-lanceolatis 
faleatis scapo subtereti tortiioso, germinibus dodecagonis, spathu exteriori 
longisstine antenuata.” Introduced in the Chelsea Garden last year from 
Russia by Dr. Fischer. — Cmoglossum nUidum. Native of Portugal. This 
has been recently and iieealessly placed in a separate genus under the names 
of Omphalodei and Picotiet. ovalifolia^ ** caule erecto raihoso, ra- 

mis tetragonis subulatis foliis ellipticis acuminatis nervoso-venosis villosis, 
calycibus tetraphyllis ovatis acuminatis trincrviis hirtis.” Raised from seeds 
from Madagascar. 

The Botanical Beghter. No. 217. 

PI. 840. CalasetumClaveriitgij ** spicll foliis breviore, label lo carnoso apice 
tridentato, sepalis oblo^s obtusis : intcrioribus maculatis.” Brought from 
Brazil in 1822 by Mr. George Don. ** It is a far more remarkable plant/* 
observes Mr. Lindley, ** than the C, tridentatum of Hooker, and altogether 
the most singular Orchidcous plant which has yet been seen in a cultivated 
state.*’ A sketch of the history of this remarkable genus is given during its 
first year ** in which period alone it has increased from one certain and one 
uncertidn species to five certain and one uncertain species : Div. I. 1. ma- 
cttlatum, 2. tridentatum, 3. Claverin^, 4. Hookeri, 5? macrocarpum : Div. II. 
C. erktatunu — Dracoceplialum nutans^ a liardy perennial from the Altai moun- 
tains. — Bororda serrvlata^ a very beautiful plant from New Holland. — Aca- 
da ufukdata; a green-house plant native of New Holland, flowering in win- 
ter.— ochroleucum ; an orchideous plant from Trinidad, where 
it appears to be parasitical on the trunks of trees ; not hitherto described. 
i^Reaumuria hyperieddee, — CoreopsU tinctoria, discovered by Mr. Nuttall 
in the Arkansa country, North America. 


XL Proceedings of Learned Societies, 

ROYAL SOCIF.Ty. 

Jan. 13. — A PAPER bjj Capt. H. Kater, wa$ read, entitled 
A Description of a Floating Collimator. 

This instrument is destined to supply the place of a level or 
pKimb-line in asti*6homical observations, and to furnish a 

ready 
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ready and perfectly exact tnetliod of determining the position 
of the horizontal or zenith point on the limb of a circle or ze^ 
nith sector. Its princi{)le is the invariability with respect to 
the horizon of the position assumed by . any body of iilvari-* 
able figure and weight floating on a fluid. It consists Df a 
rectangular box containing mercury, on which is floated a 
mass of cast-iron about twelve inches long, four broad, and 
half an inch thick, having two short uprights Or Y^s of equal 
height, cast in one piece with the rest On these is firmly 
attached a small telescope furnished with cross wires, or, 
what is better, crossed portions of the fine balance spring of 
a watch, set flat-ways, and adjusted exactly in the si- 
dereal focus of its object-glass. The float is browned with 
nitric acid to prevent the adhesion of the mercury, and is pre- 
vented from moving laterally by two smoothly polished iron 
pins, projecting from its sides in the middle of its length, which 
play freely in vertical grooves of polished iron in the sides of 
the box. When this instrument is used, it is placed at a short 
distance from the circle whose horizontal point is to be ascer- 
tained, on eitlier side (suppose the north) of its centre, and 
the telescopes of the circle and of the collimator are so 
adjusted as to look mutually at each other’s cross wires (in 
the manner lately practised by Messrs. Gauss and Bessel), first 
of all coarsely, by trial, applying the eye to the eye-glasses 
of the two instruments alternately, and finally by illuminating 
the cross wires of the collimator with a lanthorn and oilea 
paper, (taking care to exclude false light by a black screen 
having an apperture equal to that of the collimator,) and making 
the coincidence in the manner of an astronomical observation, 
by the fine motion of the circle. The microscopes on the limb 
are then read ofl^ and thus tile apparent zenith distance of the 
collimating point (intersection of the wires) is found. T^e 
collimator is then transferred to the other (south) side of the 
circle, and a corresponding observation made 
the circle^ but merely by Uie motion of the telescope on the 
limb. The difference of tlie two zenith distances so read off* 
is double the error of the zenidi or horizontal point of the 

S 'aduation, and their semi sum is the true zenith distance of 
e collimating point, or the co-inclination of the axis of the 
collimating telescope to the horizon* 

By the experiments detailed in Capt. Rater’s paper, it ap- 
pears that the error to be feared in the determination of the 
Wizontfd pdnt by this instrument, cim rarely amount to half 
a second if a mean of four or five dsservations be taken. In 
a hundred and fifty one single trials, two only gave an error 
of two seconds, and one of these was made with a wooden float. 

In 
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In upwards of a hundred and twenty of these observations^ 
the error was not one second. 

For further details we must refer to the original connnu- 
nicatid^* 

. Jam 20«^A paper on some improvements in the construc- 
tion of tj>e barometer^ by J. F*. Daniel^ Esq. F.R.S. was read. 

Jan. 97; — A paper was read, on the anatomy of the mole 
cricket; by John Kidd, M.D. F.R.S. 


LINKiEAN SOCIETY. 

Jan. 18. — A further portion of the Rev. Messrs. Sheppard 
and Whitear’s catalogue of Norfolk and Suffolk birds was 
read. ; 

ASTRONOMICAL SOCIETY. 

Jan. 14. — At the meeting this evening, Mr. Baily laid on 
the table, for the inspection of the members, two micrometers, 
which have been recently invented and constructed by Mw 
Frauenhofer, of Munich* . 

These micrometers are formed by means of very fine lines 
cut on glass with a diamond point in a peculiar manner ; and 
placed in the focus of the telescope. One of these microme- 
ters consists of concentric circular lines drawn at unequal di- 
stances from each other ; and the other consists of straight 
lines crossing each other at a given angle. The mode of 
cutting these lines has furnished M. Frauenhofer with a me- 
thod of illuminating them, which (at the same time that it 
renders the lines visible) leaves the other part of the field of 
the telescope in darkness : so tliat the transits of the smallest 
stars may be observed by means' of these micrometers ; the 
lines appearing like so many silver threads suspended in the 
heavens. A short account of the circumstances which led 
M. Frauenhofer to this happy invention was read. 

An engraving of Frauenhofer^s achromatic telescope, now 
at Dorpat, of 14 feet focus and 9 inches aperture, was also 
submitted to the inspection of the members present, by Mr. 
Herschel. 

A communication was read from Capt. Ross, dated Stran- 
raer, 7th August 1824, in which he transmits a diagram ex- 
hibiting his oH^rvation of the occultation of Herscher s planet 
by the mo6n, on the preceding day, with Ramage’s 25-feet 
telescope, and a power of 500. The planet appeared to have 
entered about one-third of its diameter on the dai^ part of 
the moon before it disappeared, and its light began , to dimi*- 
nish before it touched tne lunar disc. On ibe contrary, at its 
ei^ersion it appeared one-fourth of its own diameter distant 
* See Phil. Mag. voi. Ixiv. p, eiO. 

from 
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from tlie moon^s western limb. The whole time of the occul- 
iation was 7"* 44*’5. 

After this, the reading w^ commenced of a paper by 
Mr. Henry Atkinson, of Newcastle-upon-Tyne, On astro- 
nomical and other refractions; with a connected inquiry into 
the law of temperature in different latitudes and altitudes.” 
As the reading of this paper will be resumed at a subsequent 
meeting, an abstract of the whole may with propriety be de- 
ferred. — 

GEOLOGICAL SOCIETY. 

Jan. 21. — A paper was concluded, entitled *‘On a recent 
formation of freshwater rock marl in Scotland, with remarks 
on shell marl, and on the analogy between the ancient and 
modern freshwater formations.” 8y Charles Lyell, Esq. Sec. 
G. S. 

The rock marl described in this communication is an ex- 
tremely compact limestone, in part of a crystalline structure, 
and traversed by numerous irregular tubes or cavities. 

As a principal part of its geological interest is derived from 
its recent origin, the author has drawn a brief sketch of the 
physical structure of the county of Forfar, in order to explain 
distinctly its position. 

Those strata are also enumerated in w^hich limestone is 
found, and its remarkable scarcity in Forfarshire pointed out. 

The districts to which shell marl is confined are next con- 
sidered, and it appears that deposits of this nature are accu- 
mulated only in lakes in two formations ; viz. the inferior or 
transition sandstone, and the old red sandstone. 

The Bakie loch, in which the rock marl occurs, lies in a 
hollow in sand and gravel. This gravel consists of the broken 
and rounded masses of the primitive rocks of the Grampians, 
which are heaped in large quantities upon the old red sand- 
stone in the valley of Strathmore. 

^JThe succession of the deposits of sand, shell marl, and rock 
marl, in the lake of the Bakie now drained, is then described. 
The shells and plants inclosed in the rock are the same as 
those in the soft shell marl, and are all still living in the waters 
on the spot. Among the plants are the stems and seed-vessels 
of Choree^ the latter being fossilized in such a manner as to 
present a perfect analogy to the gyrognite of the ancient fresh- 
water formations. 

Mr. Lyell then considers the probable origin of the rock 
marl, whicK appears to be derived from subjacent shell marl, 
through whidi springs ascend, charged with carbonic acid. 

Some remarks afe next offered on the shell marl of Forfar- 
shire^ and some whidi the author has examined near Romsey 

in 
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in Hampshire is* described. Tlie subjects of chief interest with 
regarcf to. the shell marl are, its slow growth, the small pro* 
'portion of liill-grown shells nHiich are found in it in Forfar- 
ahke, the greater rapidity of its OTowth in the vicinity of springs, 
its abtmdaace in a part of Scouand in which limestone is very 
rare, and its scarcity in the calcareous districts of England. 

The qtiegtion is then considered, whether the shell marl be 
delusively derived' from the exuviae of testacea, and the va- 
rious arguments for and against this hypothesis are entered 
into. 

In conclusion, Mr. Lyell takes a general view of the analogy 
between the ancient and modern freshwater formations. 

Both of these may be described generally as consisting of 
thin beds of calcareous, argillaceous, and arenaceous marls, 
together with strata of sand and clay, to which the consoli- 
dated beds bear upon the whole but a small proportion. 

The shells and plants contained in both are referable to the 
same genera. 

The bones and skeletons of quadrupeds are found buried 
at various depths in the marls of Forfarshire, as they occur iu 
the Jower freshw'ater formation of Paris. 

’ -Of the four desiderata mentioned by Messrs. Cuvier and 
Brongniart (Essay on the Environs of Paris, p. 56), as being 
reqiustte to complete the analogy between the deposits of lakes 
now existing and those of a former world, three are supplied 
by tbe lakes in Forfarshire: viz. 1. a compact limestone; 
S* vegetables converted into the substance of their calcareous 
matrix ; S. large beds of yellowish white calcareous marl. 

Tbe rock marl of Forfarshire closely resembles the Traves- 
tino of Italy, part of which is a recent formation, but part has 
been proved by M. Brongniart to be of a date probably as 
ancient as the upper freshwater strata at Paris. 

The only difference remainui^ between the ancient and the 
modern freshwater formations is, 1. the absence in the latter 
of silex, which is only known as a modern deposit from water 
.connected with volcanic agency; and 2. the small scale on 
which the recent accumulations proceed. 

If these differences are ascribable to a higher temperature 
ptwailtng where the ancient freshwater ro^s were formed, 
they may perhaps disappear when (he hither^ unexplored 
tropical regions of the globe are fully investigated. 

MEDXCO*«BOTAN|CAI. SOCIETY. . ' - 

MX a meetinrof this Society holden on Friday llie i4th in^ 
Slant, the I^cmssor delivered a lecture upon a new essential 
oil lately introduced from South America. It is called the Es^ 


sen- 



Roifal Instituiion of Cormmlt. 57 

sential Oil of Laurel, which is not only an unsatisfactory name, 
but it is also incorrect, as sucli might convey an idea that it is 
obtained from some of the Laurels which are of the genus 
Prtmus^ while the plant from which this oil is extractecf is of 
the genus Laurus; but still it does not appear from what spe- 
cies of this genus. It is extracted from the inner bark or 
liber of the plant, which is effected through a particular pro- 
cess, and must be performed by persons accustomed to the 
practice. 

Neither its chemical components nor its medicinal proper- 
ties have been yet ascertained. It is ceitainly of a very^ vola- 
tile nature, as well as aromatic. The Indians hold it in high 
estimation for its medicinal properties, using it in various cases; 
applying it sometimes internally, and at others externally. The 
high encomiums they pass upon its medicinal properties will 
scarcely obtain credit, though it is probable it will in some in- 
stances prove serviceable. The Professor will at the next 
meeting resume his Lecture upon this oil, when he intends to 
make some chemical experiments upon it. 

The anniversary meeting of the Society was held on Mon- 
day the 17th instant, when the following officers were elected 
for the ensuing year: President^ Robert Bree, M.D. F.R.S. — 
Vice-Presidents^ John Ayrton Paris, M.D. F.R.S. ; Edward 
Thomas Monro, M.D. ; Joshua Brookes, Esq. F.R.S. ; Wil- 
liam Thomas Brande, Esq. iSVc.R.S. ; Sir James McGregor, 
M.D. F.R.S.; Sir Alexander Crichton, M.D. F.R.S. — Direc- 
tor^ John Frost, Esq.— TVeaswre/-, William Newman, Esq. 
--^Secretary^ Richard Morris, Honorary Libt'arian^ 

Dr. Edward Thomas Monro, (V.l \) — Professor of Botany^ 
John Frost, Esq. (Director ). — Cur atm* of the Collection, Rich- 
ard Morris, Esq. (Secretary). — Council, The President, Vice- 
Presidents, and other Officers; together with Dr. John Elliot- 
son ; Thomas Jones, Esq, ; William Yarrell, Esq. ; Thomas 
Gibbs, Esq. ; Henry Tatharo, jun. Esq. 


nOYAL INSTITUTION OF CORNWALL. 

At the sixth annual meeting of this Association, held 
at Truro, August 27, 1824, Sir C. Hawkins, Bart. M.P., in 
the chair, the suWoined Report of the Council was ordered to 
be printed, and the following Resolutions were passed, with 
others of merety local importance. 

‘‘ That the Right Hon. Edward Viscount Exmouth be re- 
elected President of this Society. 

“.Tliat J."H. Vivian, H, Willyams, J. Williams, jun., T. 
Dantell, and W. Paul, Esqrs.rbe elected Vice-Presidents for the 
ensuing year, and with the following members form the C^un- 
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cil : — Dr. Taunton, Cwtain Forster, Mr. Chilcott, Mr. Car- 
penter,^ Mr. Turner, Mr. S. Moyle. 

** Se^etaries — Mr. W. M. Tweedy and Mr. J. T. Nankivell-^ 

‘‘That Dr. Potts be re-elected Lecturer on Chemistry and 
Esmerimental Philosophy.” 

Report. — The Council of the Royal Institution of Corn- 
wall have the pleasure to report to the Sixth Annual Meeting, 
that the Donations to the Museum during the past year have, 
in number and importance, equalled those in any year since 
the first, and prove that the Society is looked on with a fa- 
vourable eye even by those not immediately interested in its 
prosperity. 

The state of the Museum will, your Council believe, fully 
satbfy any impartial mind that some progress has been made 
towards the attainment of those objects mr which the society 
was originally formed, and that by a proper application of our 
resources more may be done. The very crowded state of the 
Museum, which has hitherto prevented any systematic arrange- 
ment, and the want of a suitable Lecture Room, induced your 
Council to caU the attention of the Members to the expediency 
of endeavouring to obtain a suitable House of our own. At a 
Special GeneralMeeting called for this purpose, it was resolved 
that application should be made to tlie different Members of 
the Institution, to ascertain to what extent they would be will- 
ing to contribute to such an object. The result of these ap- 
plications, as far as they have been made, has been such as to 
induce a strong hope that this great object may be accom- 
plished. 

Dr. Potts favoured the Society during the last winter with 
lectures on Phrenology and on Chemistry, but was, from the 
state of his health, prevented from continuing them to the ex- 
tent he had proposed. 

Mr. Hogg likewise gave two lectures on the Fabulous His- 
toiy of Cornwall,' which were evidently the results of consider- 
able research. 

At a Special General Meeting in June last, it was resolved 
to enlarge the sphere of the Institution, by admitting Gentle- 
men residing at a distance, or Officers of his majesty’s service, 
who may have favoured the Society with valuable literary or 
scientific communications or donations to the Museum, or 4om 
whom» such assistance may be expected, as corresjponding 
Members.— They are admitted to the Rooms, and to all lec- 
tures given by the Society. 

In uie hope aiid belief that Science will advocate its own 
your Council look forward to a more favourable report 
state of your fimds another yt^r, than they are enaoled 
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to make now. The expenditure has exceeded the receipts 
about but a considerable proportion of this has arisen 
from contingencies, which are not likely to occur again, and 
a fuither portion from the expense of new cases, &c*, to hold 
our increasing collection. 


ROYAL ACADEMY OF SCIENCES OF PARIS. 

Aug. 2. — The director of die administration of manu- 
factures requested the Academy to examine a manuscript 
work by M. Charles Barbier, entitled An essay on the Chi- 
nese and Persian notography. — It was announced that the 
fossil bones of a very large mastodon had been discovered at 
Montpellier ; and that M- Gambart, director of the obser- 
vatory of Marseilles, had discovered, on the 27th of July, anew 
comet in the constellation Hercules. — M. Poisson made a r^ 
port on the new tables of the moon, by M. Damoiseau. — M. 
Desmoulins read a memoir on the lachrymal organ and ner- 
vous system of the Trigonocephali. — M. Pouillet commenced 
the reading of a memoir on the high temperatures and on the 
heat which prevail at the surface of the sun. 

Aug. 9. — M. le Baron Blin communicated, in manuscript, 
his Treatise on Harmony. — M. Cauchy, in the name of a 
commission, made a report on an analytical memoir by M. 
Libri, relating to the theory of numbers : [this memoir will be 
printed in the Recueil des Savans EtrangersJ} — M. Vauquelin, 
in the name of a commission, gave a report on M. Lassaigne’s 
memoir respecting the means of discovering hydrocyanic acid 
ill the organs of animals poisoned by that re-agent. — M. Arago 
announced that M. Pons had discovered, on the 24^th of Juw, 
the comet which M. Gambart noticed three days afterwards. 
— M. Bory-Saint- Vincent read a note on a new apparatus for 
drying plants for herbariums.— M. Bailly read a memoir on 
the cold intermittent fevers, and on the alteration of animal 
heat in those maladies, 

Aug. 26.— M. Audibert communicated a memoir in which 
he explained the means of raising stagnant water above its 
level, by certain combinations of forces of water and air. — ! 
Dr. Lauth read a memoir on the lymphatic vessels of birds. 
M. Moreau de Jonnes read some geo^aphical researches on 
manioc, and on the limits of its culture among the aborigines 
of the New World. — Some further observations by M. Gaillon 
were read, supplementary to his memoir on the animalcula 
which constitute the nutrimwt of oysters. 

Aug. 23.— M. Bressy, a physician at Arpajon, communi- 
cated a manuscript entitled deBeaujeu com- 

municated an account of a new method of transporting soils 
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in acficiilture. — M, Chevreul read a memoir relative to the 
simmtaneous action of oxygen gas and of alkalies on a great 
number of organic substances. 

/ Attg. 30.— ^Ir. Walsh, of Cork, communicated a note on 
the line of the most rapid descent. — M« Fresnel made a re- 
port, in the name of a commission, on tlie new microscopes 
of M. Selligue. — M. Payen read a memoir on the pyrites 
found on the 19th of August 1824*, in a gravel-pit at Gre- 
iielle, and on the power which several mineral substances pos- 
sess of depriving vegetable bodies of their colour.— M. Runge 
read a memoir on the chemical characters of the plants which 
constitute the families of tlie Dipsacece and. Rubiacece. 

Sept. 6. — M. de Freycinet communicated an extract of a 
foUer, dated Amboyna, Oct. 14, 1823, which he had received 
from M. Duperrey, commander of the discovery ship La 
Goquille. It contained some interesting details of the re- 
searches in geography and nafural philosophy made in this 
expedition, as well as of the collections which have been 
formed. — M. Moreau de Joiines communicated some parti- 
culars of the yellow fever which appeared in the Island of 
Ascension* in 1823. — M. Bouvard stated tlie parabolic ele- 
ments of the comet discovered at La Marlia and at Marseilles 
in July 1824; calculated from observations made at the Royal 
Observatory from August 3 to Sept. 3. — M. Desfontaines 
gave a verbal report on a work, entitled Ifo7 /us Ripnlensisj 
sen Enumeratio Plantarum qtuB Ripulis cohmtur ah Aloysio 
C oLLA. — M. Thenard presented, in a verbal report, the re- 
sults of tlie analysis which he. had made, in conjunction with 
M. Vauquelin, of several fragments of the fossil found at 
Moret ; and M. Cuvier, in relation to the same subiect, made 
some remarks on the characters which belong to tne organic 
remains of animals. — M. Navier made a verbal report on Mr. 
Stevenson’s History of the Northern Lighthouses. — M. Geof- 
frey de Saint-Hilaire read a memoir, entitled On the com- 
position of the skull in vertebrated animals, principally of 
crocodiles and birds: (art. 1.), of the Cranium^ as forming 
part of the rachis^ and as consisting of seven vei'tebrce. 

[On Sept, J 3 no meeting was held, on account of tlie ill- 
ness of His Mmesty Louis XVIII.] 

Sept 20. — M. Martillat announced some new improvements 
in his steam-engine. — A letter from Mr. Walsh was sub- 
mitted to the examination of M. Cauchy. — M. Gaudin, of 
Nantes, communicated a memoir on equations of the 2d order. 
~M. Latreille made a verbal report on the Analecta Entomo^ 
logica of M. Dalmane. — M. Fourier read a memoir, entitled 
General remarks on the temperatures of the terrestrial globe 
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aiul the planetary spaces.-— M. Bonard read a geological no- 
tice on certain districts of Burgundy. 

Sept. 29.-— M. Desfontaines made a verbal report on Sir 
Janies Edward Smith’s English Flora. — M. Fourier concluded 
his memoir. — M. GeoflFroy de Saint-Hilaire read a memoir, 
entitled On the sections of the cranium in the crocodile, 
compared with the analogous bones in all animals; restored, 
on the one hand, to philosophical identity, and considered, on 
the other, in the relation oi the specific nature and the ano- 
malies of their forms. 

Oct. 4?. — M. P. Coste, an officer in the artillery service, 
transmitted a sealed packet, inscribed ‘‘ Chemical Researches.” 
— M. de Schiitten, professor of mathematics in the university 
of Abo, presented a memoir on the concussion of solid bodies. 
— M. le Baron Blin, communicated to the Academy a notice 
of his experiments with the Syrene of M. le Baron Cagniard 
de la Tour. — M. Geoffroy de Saint-Hilaire read the continua- 
tion of his memoir on the sections of the cranium. — M. La- 
moiiroux read a memoir on the geography of marine plants. 

Oct. 11. — M. Jomard communicated some information 
which he had received from M. Beaufort’s expedition into the 
interior of Africa ; he presented specimens of the butter of 
Schaa, and of the oil of palm-trees collected by that traveller. 
Dr. Lassis read a manuscript, entitled Notice on the causes 
of epidemic disorders, on the means by which it is said they 
may be resisted, and on some other points of medical science 
equally important. — M. Vauquelin gave a report on M. Lau- 
gier’s analysis of three minerals brought from Ceylon and the 
coast of Coromandel by M. Leschcnault de la Tour. — 
M. Marcel de Serres read a memoir on the fresh-water 
strata lately discovered in the vicinity of Cette, near the Medi- 
terranean, and below the level of that sea. — M. de Bonard 
read a geological memoir on the plains of the Auxois. 

Oct. 18. — M. Laugier read a memoir, entitled Chemical 
examination of the Per oxide {resinite of Haiiy) found near 
Freiberg. — M. Becquerel read a memoir on the electro- 
dynamic effects proauced during the decomposition of oxy- 
genated water by various bodies, and on other phaenomena 
caused by electricity in motion. — M. Brunei, of Varenne, com- 
municated a new method of drawing.— -M. Benoiston, of Cha- 
teauneuf, communicated a notice on M. Casper’s work relating 
to the influence of vaccination on the population of the Prussian 
states. — M. Gaymard read some observations on certain mol- 
lusca atid zoophytes, considered os the cause of the phospho- 
rescence of the sea. 

Oct. 26. — M. Gazil stated that he wished to submit to the 
judgement of the Academy a process of his invention for ren- 
dering 
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dering sea-water fresh. — M. .Guion Desmoulins announced 
that he |iad discovered a liquid by which sculptures in marble 
might be cleaned without injury. — M.Duranq, of Cherbourg, 
transmitted a memoir, entitled Notice on the formation of 
muriatic acid b^ means of nitriq acid and carbon.~M. Mo- 
reau de Jonnes read a statistical note on tlie propa^tion and 
effects of a disorder which had been observed in various coun- 
tries, and to which the name of Variolotde had been given*— 
M. Maurice gave a verbal account of a work by M. Guillaume 
Libri on various points of analysis. — M. Dumeril delivered a 
verbal report on M. Bremser's Zoological and Physiologiccd 
Treatise on the intestinal Worms of the Human Body.”— 
M. Geoffroy de Saint-Hilaire presented a lithographic plate, 
entitled Determination of the sections of the cranium in 
fislies ; composition of the skull in man and in animals. — 
M.Dup etit-Thouars read a notice on certain particularities 
of'^^iyiadons and roots. — M. Serullas read a memoir on the 
amalgam of potassium, and on the electricity developed by its 
contact with water. 

Nov. 2. — M. Bec<]^uerel announced that he had determined 
by experiment the intensity of the electro-dynamic force in 
any one point of a wire uniting the two extremities of a pile, 
and that it resulted from his researches that this intensity is 
constant for the entire length of the wire. — M. Benoiston de 
Chi&teauneuf, in his reply to a letter which had been ad- 
dressed to him, announced that he still continued his re- 
searches on the influence of vaccination at Paris and in France. 
—MM. Chaptal and Thenard delivered a report on M. Pay- 
en’s memoir on the pyrites of Grenelle, &c. — M. Magendie 
read a memoir, entitled Continuation of the series of ex- 
periments on the fifth pair of nerves.— M. Loiseleur des 
Longchamps read a memoir on the means of obtaining se- 
veral crops of silk in a year, succeeded by some observations 
relative to the history of silk-worms* — M. Raspail read a 
memoir on the formation of the embryo in the Gramineee. 

Nov. 8. — MM. Payen and Chevalier read a note on the 
quantity of free phosphoric acid appreciable by means of 
turnsoL— M. Cordier made a verbal report on the TraiU 
elementaire de Minhalogie^ by M.Beudant. — M.Dupin read 
a memoir, showing the advantages of machinery to the class 
of workmen. 

Nov. 15. — MM. Dumeril, Cuvier, and, Magendie gave a 
report on M. Lauth’s memoir relative to the lymphatm ve»* 
sets of birds.— M. Silvestre gave a verbal ac<x>unt of a work 
by M. Marivault, On tfije Agricultural State of France, and 
the me^ois of improving it. 

NcitV^22* — M. Hazard junior, presented a work, the joint 

prod lie- 
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production of him and M. Pelletier, entitled Researches on 
the genus Hirundo. — M. J. J. Meunier announced^ in a note, 
that he possesses the ancient art of painting and burning glass 
with ail colours.— Geoffrov Saini-Hilaire presented a work;,' 
entitled Synoptic tables explaining the composition of the. 
skull in man and in animals. — M. Latreilie communicated 
an analytical table of the natural families of the animals con-* 
stituting M. Cuvier's division of the MoUusca. — M. Vauquelin 
read a memoir, entitled A chemical examination of a green 
substance which is formed on the mineral waters of Vichy. — 
M. Arago communicated some experiments relative to the 
oscillations of the magnetic needle. — The Academy named. 
M. Pelletier as a candidate for the chair of Materia Medica 
vacant at the School of Pharmacy of Paris. — Dr. Lasserre 
presented a memoir on the operation for the stone.— A me* 
moir by M. Bonastre on the analysis of the balsam of Canada 
was submitted to MM. Vauquelin and Dulong. 

Nov. 29. — M. Gaudin communicated a new method of the 
application of algebra to geometry. — M. Laurencet read a 
memoir on the structure of the brain. — M. Louyer Viller- 
met read a Memoir on the number of deaths in France in the 
middling and poor classes of people. 


XII. Intelligence and Miscellaneous Articles. 

ERROR IN M. Schumacher's tables. 

T^E are authorized to state that in Professor Schumacher's 
Astronofnische HUystc^feln for 1825, the declihation of 
I Ursce Minoris is set down one minute too much, throughout 
the whole year. 

BORON, ITS PREPARATION, &C. 

The readiest method of obtaining boron, without losfog 
too much potassium, is to heat the potassium with flu^borate 
of potash. Boron and silicium resemble each other in their 
properties nearly as sulphur and silicium, or as phosphorus 
and arsenic. I have produced sulphuret of boron; a white 
and pulverulent substance, which oissolves in water, yielding 
sulphuretted hydrogen gas. Boron burns in chlorine. The 
chloride of boron is a permanent gaawhi^ is decomposed in 
moist air, producing.a dense vapour ; and in water giving mu* 
riatic and bbracic acids* It condenses one and a half times 
its volume of ammoniacal gfts. BerzeUusSib* Ufup* Jpeyi. 
277. 

UNICORN. 



6 1 Unicorn^ — FMrthquake in Persia ^ — Cr ocodile of the Ganges. 

UNICORN. 

Among' the curiosities so liberally sent by Mr. Hodgson, 
assistant to the resident at Katmandoo, to the Asiatic Society, 
of Calcutta, is a large spiral horn said to belong to the uni- 
corO) and with it drawings of the animal made oy a Bhotea 
peasant. The drawings are stated to convey the true image 
of a living animal of tlie deer kind, out of the centre of whose 
forehead grows a horn of the description transmitted. The 
animal is described as gregarious, graminivorous, and its flesh 
good to eat. Its name is chiros its colour bright bay, and its 
dwelling-place the plains of B’hote, beyond die Himalayah, 
and especially the woody tract of country situated a few days 
north-west of Digurche, known to the natives by the name of 
Chaugdung. l%e testimony of the poor Bhoteas, whom 
trade and religion bring down annually to Nepaul, appears to 
be uniform respecting the existence of this animal, but they 
hesitate about procuring it, though urged by the promise of a 
liberal reward. They declare that the chiro is too large and 
fierce to be taken alive, or to fall under their simple weapons ; 
but they sometimes find the horns, naturally shed by the living, 
or remaining after the decay of the dead animal. These horns 
are dedicated to their divinities, and the one obtained by 
Mr. Hodgson~was brought to Katmandoo to be suspended in 
the interior of the temple of Sumb’hooNaf h . — Asiatic JaurnaL 

EARTHQUAKE IN PERSIA. 

Letters from Shiraz announce, that on the 27 th Chawal, 
12S9, which answers to the month of April 1824, there had 
been an earthquake, which lasted six days and six nights with- 
out interruption, and which had swallowed up more than the 
half of that unfortunate ci^, and overthrown the other, as was 
the case with the earthquaxe at Aleppo. Nearly all the inha- 
bitants fell victims to this catastrrane ; scarcely five hundred 
persons could save themselves. Other letters from Aborkoh 
annbuqce that the same shock, but less violent, had been felt 
there. Kazroon, a city between Aborkoh and Shiraz, was 
swallowed np, with almost the whole of its inhabitants, in con- 
sequence of the same earthouake. All the mountains sur- 
rounding Kazroon were leveued by it, and no trace of them 
now reititiins . — Asiatic Journal. 

' THE CROCODILE OP THE GANGES. 

Dr. C* Abel, of Calcutta, has investigated the structure and 
character of the cummeer^ or Ganges crocodile, and compared 
it with it^ described congeners, fi'om an ind^idual of great 
size, measuring eightlsen feet feom the extremity of the iiose 
• - to 
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to the end of the tail. It had been destroyed by a sj^ar driven 
into the neck at the junction of^thehead with the cervical ver- 
tebrae. In most of its external characters it agreed with the 
ci'ocodilus bipot catus; except that the toes of the latter are re- 
presented by Cuvier and Lacepede as more or less united by 
membranes or webs ; the hind feCt of the crocodile proper, 
accord to Cuvier, are palmated to the extremity of the 
toes. Tnis character is wanting in the cummeer^ in which the 
inner toe of the hind and two inner toes of the fore feet are 
perfectly free, not being connected by any membrane. If this 
peculiarity be of constant occurrence, it makes the cummeer 
not only a new and undescribed sjpecies, but it also vitiates 
the description of the family and of the genus of crocodile 
heretofore given. 

Although the putrescency of the body of the animal pre- 
vented any deliberate examination of its internal structure 
the contents of its stomach were exposed, and found to edh- 
sist of the remains of a woman, of a whole cat, of the remains 
of a dog and sheep, of several rings, and of the separated parts 
of the common bangles worn by the native women . — Asiatic 
Journal. — 

OISCOVEaY OF SELENIUM IN THE SULPHURIC ACID MADE FROM 
THE PYRITES OF ANGLESEA. 

In our last volume we inserted a paper by Professor Scholz, 
of Vienna, on the extraction of selenium from the residuum 
of the sulphuric acid works at Lukawitz in Bohemia, where 
the sulphur employed is obtained from pyrites found in the 
vicinity of the place, a till then unknown locality of selenium. 

We are glad to find, from a communication in the Annals 
of Philosophy for January, that seleniferous pyrites are also to 
be found in our own country. Mr. E. P. 1 homson, a che- 
mical manufacturer of Manchester, in making muriatic acid 
uses sulphuric acid prepared from the pyrites of the Paris 
Mountain in Anglesea by Mr. R. Mutrie,also of Manches- 
ter* The selenium, Mr. Thomson has observed, distils over 
with the muriatic acid into the receivers, and in the couree 
of two or three days it falls to the bottom of the vessels in the 
form of a reddish-brown substance, which does not appear to 
deteriorate the acid in the least The quantity yielded by toe 
acid is very small. Mr. Children having submitted a portion 
dfthi&red substance to experiment^ in order to obtain un- 
eouivcxial evidence of its conttdning^ selenium, gives tlie follow- 
iife slatm^ht of his results; - 

A fragment heated^m a slip of tjatina foil by the spirit 
Item tam^llie flame of a beatftifiu aeure blue colour. A . 
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portion heated by the spirit lamp in a glass tube closed at one 
end gave off first acidulous water ; some sulphur next sub- 
liraed and condensed at a little distance from the flame, and 
soon after a red substance, which condensed on the sides of the 
tube between the flame and the sulphur, and very near the 
former. During the sublimation of the red matter, the lower 
part of the tube was filled with a yellow vapour, a good deal 
like chlorine, but of a deeper colour, and an unpleasant odour 
was exhaled, very similar to that of cabbage water. After the 
whole of the volatile matter had been sublimed, a fixed dark- 
coloured residuum remained at the bottom of the tube. This 
was transferred to another tube, open at both ends, and again 
heated ; some more of the red sublimate was thus obtained, and 
the residuum assumed a grey colour. It amounted to about 
5$ per cent of the weight of the substance operated on, and 
on examination was found to consist of earthy matter, princi- 
pally silica and lime ; consequently the assay contains about 
47 per cent, of volatile matters, by far the greatest portion of 
which consists of the red sublimate. The red sublimate had 
evidently been fused and spread over the inner surface of the 
tube. 

. When detached from the tube, a morsel of it imparted the 
same beautiful blue colour to flame that has been already men- 
tioned, but more intense. 

Another fragment, heated in a tube open at both ends, sub- 
limed without giving off any sulphur, exhaling at the same time 
a strong odour similar to that of horse-radisTi. It fused very 
readily on being gently heated in- a close tube over the lamp, 
and remained ior some time in a soft pasty state. 

These experiments are quite sufficient to establish the iden- 
tity of our red sublimate with selenium, and in external cha- 
racters also it perfectly answers the description of that sub- 
stance. It has a metallic lustre, and a deep brown colour when 
seen by reflected light. Its fracture is conchoidal, and has a 
vitreous lustre. It is easily scratched by the knife, is brittle, 
and its powder has a deep red colour ; but it adheres toge- 
ther readily when rubbed in the mortar, and then assumes 
a grey colour, and a smooth and somewhat metallic surface. In 
very thm lakpinm it is transparent, and when viewed by trans- 
mitted light has a beautiful cinnabar red colour. 


ACCOUNT OF AN EXPI.OSION IN A VEIN OF FYRITES. 

This explosion took place, sixteen years ago, in the tqwn- 
s^iip of Yonge, near the Lake of the Thousand Isles in the 
St* Lawrence. At the time, a man was seekh^ his cow in the 
wdoda, within a short distance of the spot^ a^sudden he 
* Was 
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was startkd by a tremendous explosion, attendecl by volumes 
of smoke and sulphurous odours. 

Three years since, on being informed of these particulars, 
Dr. Bigsby visited the place. It is half a mile within the 
woods north of the road from Brookville to Kingston, neiSit 
to the easternmost of two creeks, about ten miles from the 
former town. 

He found, on the summit of a quartzose mound from 30 to 40 
feet high, a round cavity, 12 feet deep, 12 long, and 9 broad. 
Its sides consisted of very shattered quartz, spotted brown by 
oxide of iron, and covered profusely with acicular yellow and 
white crystals^of sulphur. The lower parts of the cavity were 
studded with masses of iron pyrites, of which there is a vein 
at the bottom of the cavity. It is a foot and a half tliick, and 
disseminates itself into the surrounding quartz. This vein 
may be seen, running eiist with a very high dip, to the distance 
of a yard and a halt. 

Similar pheenomena have been noticed in a mountain in 
Vermont {vide American Journal of Science for Feb. 1821), 
and in the country towards the head of the Missouri {vide 
Travels of Captains Lewis and Clarke). — GeoLTrans.p. 209. 

ON RED SANDSTONE. 

As much discussion has taken place among geologists within 
these few years respecting the various formations of Red Sand^ 
stone, we think it may be useful to give the opinion on the 
subject of Professor Buckland and the Rev. W. D. Conybeare, 
as stated, with a concise but comprehensive view of its history, 
in their Observations on the South-western Coal District of 
England; Geol. Trans, sec. ser. p. 314. 

In the south-western coal-district of England we have three 
formations of red sandstone, the 7iewei' red sandstone, the 
millstone grit, and the old red sandstone, all liable to be con- 
founded with one another, owing to their prevailing red colour 
and to their containing beds of conglomerate; and as similar 
rocks occur, very similarly placed, in various parts of the 
earth's surface, we find three opinions maintainea concerning 
red sandstone, and each moreover supported by indisputable 
facts: one, that it lies over the coal-measures ; another, that 
it lies beneath them ; and a third, that it is a member of the 
coal-formation. 

The term old red sandstone was originally applied by Wer- 
ner to a fen^mation analogous in character and geological po- 
sition to our newer red sandstone. Examples of tne rothe 
todte Liegende, or old jed sandstone of Werner, lying over 
the coal-measures, may be' seen at Norhausen on the borders 

12 “of 
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of the Hartz, and at the Wintberg mountain, a few miles to 
the south-west of Dresden, on the edge of the Dresden coal- 
field. It is to this overlying formation of red sandstone that, 
in our opinion, the associate presence of large masses of salt 
and gypsum is exclusively connned* 

The old red sandstone of English geologists, and the moun- 
tain limestone which covers it, great as is the thickness and 
importance of each formation, are not recognised in the classi- 
fication of. rocks which Werner himself has drawn up. An 
example of both these rocks, identical with their types in 
England, and emerging from beneath the coal-measures, may 
be seen at Huy in the district of the Meuse, between Namur 
and Liege. 

The millstone grit affords the best example in the soiith- 
westem coal-field of a red sandstone belonging to the coal- 
measures. But occasionally even in this coal-fidd, and very 
frequently in the coal-districts on the continent, all the coal- 
grits acquire a red colour ; and for this reason we now find it 
to be the prevailing opinion among continental geologists, that 
the gres rofuge is a member of the coal-formation. 

It is by their relative position to one another as well as to 
other rocks, that these sandstones are best to be distinguished ; 
but when the^e points remain obscure, we must have recourse, 
for the purpose of discrimination, to some of the internal cha- 
racters detailed in the preceding memoir; such, for instance, 
as can be observed in the conglomerate beds from the nature 
of their imbedded fragments, which, should they be indubi- 
table fragments of old red sandstone, mountain limestone, and 
the coal-measures, would lead us to refer the disputed forma- 
tion to the newer red sandstone. 

The distinguishing characters and relative position of these 
three formations of red sandstone having been only partially 
attended to, and much confusion having thence arisen, — in 
order to remove it, an eminent geologist has proposed the ex- 
pedient of throwing them all together, and regarding them as 
Delonging to one formation of sandstone, in which are con- 
tained subordinate beds of limestone and coal. This view of 
the subject may appear at first sight to introduce an advanta- 
geous simplification ; but for the following reasons we cannot 
consent to, adopt it. 

With r^rd to the grils of the coal-measures and of the 
old red saj^tone, since they lie conformably to one another, 
it may somfttlines perhaps be found convenient, in an extencled 
sens^ to claas them un^r one formation ; and should it hap- 
pen ,&at both are of a red colour, and (as is the casein Shrop- 
shire^ that the mountain liniestone, which usually divides them, 

has 
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has disappeared, it may then be difficult in fact to distinguish 
between them. But between both of these and the ncM'er red 
sandstone there is a complete and total separation. To those 
rocks the newer red sandstone is unconformable in position, 
and whenever in contact .with them reposes on their basset 
edges : it is usually unaffected by the faults and disturbances 
to which they are subject ; it is itself partly made up of the 
fragments derived from their ruins ; and must therefore have 
been deposited after their consolidation, dislocation, and partial 
destruction. It is impossible, therefore, to imagine any 
stronger grounds on which any two series of rocks can be re- 
garded as distinct : and should we agree to throw these to- 
gether, we might with equal propriety consider all gi'oups of 
strata, in which beds of limestone occur, as belonging to one 
great calcareous formation, and treat as subordinate all the 
rocks that happen to alternate with limestone. But this 
would be in fact to confound together almost all the rocks 
with which we are acquainted. 


PRODUCE OF THE COPPER MINES OF GREAT BRITAIN. 

Quantity of copper raised from the mines of Great Britain 
in the last six months, ending December 31, 1B24': 

Quantity of Ore. Quantity of Copper. 

Tont, Tons, cwt, qrs. 

Mines in Cornwall . . . 53,514? . . . 4,119 16 2 

——Devon .... 3,030 . . • 308 1 2 

Various mines, including 
Ireland, sold in ore at 
Swansea • • . • 

59,142 4,678 10 3 

Anglesea and Stafford- 1 S50 0 0 

shire estimated at . J 

5,028 10 3 

The 4427 tons, 18 cwt. of line copper raised in Corn- 
wall and Devon is the produce of 80 mines, of which the fol- 


lowing six are the principal : 

Ores. 

Fine Copper. 

Consolidated Mines . . . 

7767 tons 

712 tons. 

East Crinnis • . . • « 

8677 . . 

809 

Wheal Buller and Wheal 1 
Beauchamp , ... } 

3828 . . 

227 

Wheal Friendship (Devop) 

1757 . . 

220 

j^mbrdke 

4221 . . 

216 

Dolcoath • f . . . . ' 

8418 . . 

215 


——1899 tons. 

Ci^er ores are 'iveighed at 21 cwt. to the ton, and fine copper at 20 cwt. 

OPENING 
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Opefliilg of a Mimmy.^Earihquake. 

OPENING OF A MUMMY. 

On Thursday evening, 9th Dec., was unwrapped at the Bris- 
tol Institution the body of an Egyptian mummy, which it is 
understood was removed by Mr* ^alt from a catacomb in the 
Thebais, and sent down the Nile to Alexandria, and thence 
to Bristol. The case, which was beautifully covered widi 
hieroglyphics, exhibited rather the copper-coloured counte- 
nance of a. Nubian, idian the expanded forehead and wide eye- 
sockets of an Ethiopian. The upper part of the shell being 
removed, there arose a peculiar, but not unpleasant, odour. 
The bo^ was remarkably light, and wrapped up in a multi- 
tude of folds of cotton clotli, which was stained of a yellowish 
brown colour. Upon the removal of the circular bandages, 
there appeared a long wrapper from the chin to the toes, with 
a double border of blue stripes in front. The innermost layer 
of cloth was soaked in naphtha, asphaltum, or some bitumi- 
nous substance, combined probably with natron. The skin 
was blackened, and the neck and one of the hands had been 
attacked by a peculiar sort of coleopterous insect, apparently 
a dermestes# In other respects, this curious specimen of anti- 
quity was very perfect, indeed much more so than usually hap- 
pens. It was the body of(probably) a young female. The hands 
were placed straight upon the thighs, and not, as most fre-' 
quendy happens, across the bosom. The hair upon the head 
was perfect, of a brownish auburn colour, short, but not at all 
wearing the character of a negro’s. The contour of the coun- 
tenance strengthened the opinion that the subject belonged to 
a province closely bordering upon the confines of Egypt. The 
coverings of the chest and stomach being removed, exhibited, 
in high preservation, the heart and lungs, and all the intestines : 
indeed it did not appear that any part had been removed. 
Whether the brain had been extracted was not ascertained ; 
neither were the teeth examined, as it was thought advisable 
to subject the bead altogether to a more leisurely and minute 
observation. 

EARTHQUAKE IN SUSSEX. , 

. On the 6th of Dec., a few minutes before two o’clock in the 
afternoon, a shock of an earthquake was very generally felt at 
Portsmoudvand its neighbourhood, also at Havant, Emsworth, 
and Chichester. The shods, although it was not accompanied 
by any report, put both Ikht and heavj funiiture in a tremor 
for about four seconds ofttme. The floors seem^ to heave 
S^ilittle, the windows in tsonsequence shook as they do by 
of heavy gustaof wind; andsuspended articles, as bircl- 

cages, 
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cages, &c., oscillated some seconds after the shock had subsided* 
There was no unusual appearance in the state of the sky, or 
about the sun at the time ; but during the morning the sky 
had been filling with ligl^ clouds, and soon after the shock 
a stratum of low electric clcMids sprang up with the wind from 
the S* W., and the upper stratum changed from a grey to red 
and lake colours some time before the sun had set. If the 
shock was not caused by the explosion of a meteor, it probably 
was the effect of the earth sinking somewhere in the southern 
part of England, in consequence of the great quantity of rain 
that has fallen during the last three months. It is now about 
twelve years since the last shock was felt here, which occurred 
in the night, and was more violent than this one. 

Chichester, Dec. B. 

The earthquake here on Monday was very alarming. Many 
families ran out of their houses in great trepidation ; several 
people felt the chairs move under them. The bells rang in 
many houses, and glasses jingled. In the market-house, ap- 
ples were seen rolling off the stalls. At Aldwick and Bognor 
it was also very sensibly felt, as likewise in the parts adjacent. 

Another account , — Monday afternoon, about two o’clock, the 
shock of an earthquake was very sensibly felt in the city of 
Chichester, which alarmed a considerable portion of its inha- 
bitants, many of whom ran into the streets in the greatest con- 
sternation, under the impression that their dwellings were ac- 
tually falling. In several houses the bells were set a-ringing, and 
the window-blinds unrolled; and one individual states, that he 
was sitting in a snudl room, and distinctly saw the walls move 
from south tp north out of their perpendicular, and as instan- 
taneously resume their position. The shock lasted from three 
to five seconds. We have not heard that it was felt fuither 
in this direction than the vicinity of Arundel. Many persons 
imagine tliat there has been an earthquake in some place abroad, 
as in the year 1812 a shock, but much slighter, was experi- 
enced in Chichester; which at the time proved so destructive 
to property in the city of Caraccas, South America. — Hamp^ 
shire Teleg. 

ROPE BRIDGES IN INBl^ 

These bridges are called Portable Rustic Rope Bridges of 
Tension and Suspension, and they iure exactly what the luune 
describes. A few hackeries will cariy the whole materials, 
and the appearance of the bridge is rustic and jncturesque. 
Th^ are distinctly bridges of tension and suspension, having: 
no support whatever between the extreme points of suspend 
sion indepmd^t of the standard piles, which are placed^ mout 
fifteen feet from the banks of the nullah, or river, exce]^ vdsaL 

they 
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. they derive from tlie tension, which is obtained by means of 
purchases applied to a most ingenious combination of tarred 
coir ropes of various sizes, lessening as they approach the 
centre. These form the foundation tor the pathw^, and are 
overlaid with a light split bamboo frame-work. The whole 
of this part of the fabric is a fine specimen of ingenuity and 
maAematical application. One mreat advantage it possesses 
is, that if by any accident one oi the ropes should break, it 
might be replaced in a quarter of an hour, without any injury 
to the bridge. It is impossible in this article to give so par- 
ticular a Ascription as to render its minute parts clear, nor 
imfact can any description do so unaccompanied by the plan. 

The chief principle of its construction is the perpendicular 
action of its weight,' a principle obviously of paramount neces- 
sity in this country, where the soil is so loose, and offers so 
little resistance — and more particularly in relation to the spe- 
ci A purpose for which they were invented. The whole weight 
of the bridge, therefore, resting on two single points, so far 
separated, and unassisted either by pier-head or abutment, 
rendered its construction a matter of extreme delicacy, and it 
has been effected in a manner reflecting the highest credit on 
the genius of the inventor. The combination of lightness 
with security, and the adaptation, to the utmost nicety, of the 
required proportionate strength to the parts, form its chief 
characteristics. The tension power is wholly independent of 
the suspension. 

The bridge which was placed during the last rains over the 
Berai torrent was 160 feet between the points of suspension, 
with a road-way of nine feet, and was ppened for unrestricted 
use, excepting heavy-loaded carts, llie mails and banghees 
passed regularly over it, and were by its means forwarded 
when they would otherwise have been detained for several 
days. The last rainy season was the most severe within the 
last fifty years, and yet the bridge not only continued service- 
able throughout, but on taking it to pieces it was found in a 
perfect state of repair. The bridge intended for the Caram- 
nassa is 320 feet span between the points of suspension, with 
a clear width of eight feet. It is in other respects the same 
as the Berai torrent bridge. A six-pounder passes over with 
ease ; six horsemen also passed over together, and at a round 
pace, with perfect safety. 

We ha^ no doubt but that these bridges will eventually 
becoiu$r general. During the nuns there will be three of 
them^pn the great military north-west road to Benares, and 
we J^l satisfied their ublil^ will be finally established at the 

^^M^usmn of .the season. — Calcutta John mih 
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Russian Chain^Bridge.-^Hail-Roads.^Culendar of Flora, 7.S 

RUSSIAN CHAIN-BRIDGE. 

A chain-bridge, the first of its kind in Russia, is about to 
be constructed oyer the canal of Moika. It will be executed 
after the design of Colonel Dufour, of Geneva, who has sent 
to St. Petersburgh a correct model of one which he erected 
in his own country last year. 


R A1 L-K O A DS — LOCOMOTIVE STE A M-E NGI NES. 

On the 17th instant a grand experiment as to the power 
of locomotive engines was perfoniied at Killingworth Col- 
liery, near Newcastle-upon-Tyne, in presence of several gen- 
tlemen from the committees of the intended Manchester aj^d 
Liverpool and Birmingham and Liverpool rail- road compa- 
nies — when the result was as follow's : The engine being one of 
eight-horse })Ower, and weigliing, with the tender (containing 
w'ater and coals), five tons and ten hundred weight, was placed 
on a portion of rail-road, the inclination of which, in one mile 
and a quarter, was stated by the proprietor Mr. Wood to 
be one inch in a chain, or one part in 792 : twelve waggons 
were placed on the rail-road, each containing two tons and 
between 13 and 14? hundred weight of coals — making a total 
useful weight of 32 tons and 8 ew'U The twelve waggons were 
drawn one mile and a quarter each way, making two miles and 
a half in the whole, in forty minutes, or at the rate of 3| miles 
an hour, consuming tour jx^cks and a half of coals. Eight wag- 
gons were then drawn the same distance in thirty-six minutes, 
consuming four pecks of coals ; anti six waggons were drawn 
over the same ground in thirty-two minutes, consuming five 
})ecks of coals. Our correspondent also mentions. Unit the en- 
gine must be supplied with hot or boiling, and not with cold 
water ; and that two hundred gallons ot water will take the en- 
gine 14? miles, at the end of which the supply must be renewed, 
— Mor7i. Chron, 

Calendar of Flora^ Fauna, and Pomona, at Hartfield in Sussex 
(continued), from December 20, 1824*, to January 20, 1825. 
Dec. 20.— Weather mild and moist. The following plants 
in flower here and there : Tussilago fragrans in great abun- 
dance; Polyanthus, Primrose, Periwinkle, Leopard s-bane, 
Marigold, tauriistine, Wallflower, and Stock. 

21 and 22.— ^ Wind and rain, and very damp. Very 
lew berries on the Holly, and in general the hedges are very 
bare of berries. Misletoe in abundance : one was brought to 
me of immense size.— —Dec. 25. Christmas Day.— i he 
Christmas Rose or White Hellebore is comuig into flower. 
Dec. 28.— Much wet, and floods in tlie meadows. 

Dec. 31. Hellebonis hymalis in full flower. Weather 

Vol.er.. No.321../rtH.'1825. K wet, 
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wety windy and mild. A flower or two on old Marigolds 
and oA the Purple Hepatica. Daisies in abundance. 

1825. Jan. 3.-r-It is very unusual at this ti^e to have such a 
number of plants bearing flowers as we now liave : The Great 
Leopard’s-bane, Polyanthus, Primrose, lychnis dioica^ An^ 
thrhinum Cyfmhalaria^ Galium Mollugo, 6. palustris, and 
G. Aparine: Thlaspi Bursa Pastor is^ and many Confervas.* 

Jan. 8. — Barometer as high as SO'SOf; a clear day 
again. This winter in one respect resembles that of 1816-17 ; 
namely, tliat we have rapid changes from slight frost to warm 

rain without any permanent weather. Jan. 20. — Thrush, 

R^breast, and other birds begin to sing:]:. , 

♦ On Friday, January 7th, the bees were flying about in the garden of 
Rose Mount. Sunday the 9tli resembled a day in March. The sky was 
without a cloud, there was scarcely a breath of wind, and in the country 
in the morning the Blackbirds were singing as if welcoming the s[)ring. 
The pastures have a fine, fresh and healthy appearance, the wheat braird is 
strong, thick in the ground, and nearly covers the soil. Vegetation is going 
on in the gardens, and the usual spring flowers are making their appearance. 
The Christmas Rose, the Snowdrop, the Polyanthus, the single or border 
Anemone, the Hepatica in its varieties, and the Mezereon are in full bloom. 
The Narcissus is making its appearance, and the Crocuses are showing co- 
lour. This morning, at six o’clock, the thermometer in Nelson-street in- 
dicated 44 degrees. ^ On Sunday the barometer gained the extraordinary 
hei^t of 3 1*0 1 ; this morning it is at 30*8. — Glasgow Chromcle. 

•f On the 5)th the barometer with us reached 30*80, and is said to hav6 
been as high at Worcester as 30*90. — Edit. 

J The Editor of the Norwich Mercxiry says, There is now standing 
upon the mantle-piece of the room in which we write, a glass containing a 
Rose, a Pink, Primroses, Violets, Polyanthuses, Stocks, and Wall-flowers, 
all grown in the open air, and plucked from our rarden a day or two 
On the' 17th we heard the Thrush singing for the first time this spring- 
winter. — Costessey^ Jan. 20. 

The winter has been remarkable for mildness on the other side of 
the Atlantic, as appears from the following extract ; — " We cannot call 
to mind in our own time a solitary instance of the same continued mild- 
ness of weather at the same season of the year. In almost every section 
of the country the weather seems to have been equally pleasant. — 'I'he 
Savannah Republican says, * The beautiful idea of the poet — of Winter 
lingering in the lap of May ’—is at this time completely tmnwosed in our 
climate, for May is smiling in the arms of December. Our thermometers 
are more than thirty degrees above the usual freezing point of the season. 
The ^rass begins to dress itself in green ; the sweet jessamine and wood- 
bine in the gardens of our city have expanded their fragrant leaves, and 
present to our view- full-bloom flowers ; the rose partially covet*s its stem 
with luxuriant leaves, and the infant bud of Florals favourite mbdestly be- 
gins to peep forth through the sheltering foliage ; the trees of every de- 
scription start ifaeir buds to join the jubilee; the peach is In filll bloom, 
and the mocking-bird, the early messenger of spring, chants fbrth her 
praises for the continuance of mild and congenial airs.*— Both Savannah 
and Darien, papers speak of ripe mulberries and damsons. Peaches have 
already Bwelied to the size of a nutmeg. — ^The North River is neariy if not 
quite free from ice as far as Troy.” — New Yorh Commercial Advertiser, 
bet. 31. the 



75 


Zoology.— List of New Patents. 

ZOOLOGY OF SCOTLAND. 

The number of vermin killed by Richard Burniston, the 
gamekeeper to Lord Gwydyr, on the district of Callander, 
Perthshire, from December 1823 to December 1824, gives 
us a good idea of this brartch, of natural history on the High- 
land Border : — 4 foxes, 1 otter, 9 badgers, 29 martin cats, 
11 wild cats, 22 pole cats, 1 stoat, 2 weasels, 12 hedgehogs, 
61 house cats. 111 glcdes, 105 ravens, 22 hawks, 136 hooded 
crows, 2 owls, 3 daws, 31 magpies, 1 1 jays. The above quan- 
tity, 573 liead, were killed with traps precisely in one year. 


LIST OF NEW PATENTS. 

To William Francis Snowden, of Oxford-street, in the parish ofSt.George, 
llanover-square, Middlesex, machinist, for his invented wheel-way and its 
carriage or carriages for the conveyance of passengers, merchandize, and 
other things along roads, rail and other ways, either on a level or inclined 
plane, and applicable to other purposes. — Dated 18th of December 1824. 
— 6 months to enrol specification. 

To John Weiss, of the Strand, Middlesex, surgical-instrument maker 
and cutler, for certain improvements on exhausting, injecting, or condensing 
pumps or springs, and on the apparatus connected therewith, and which 
said improvements are applicable to various useful purposes. — 18th Decem- 
ber.— 6 months. 

To James Deykin and William Henry Deykin, of Birmingham, button- 
makers, for an improvement in the manufacture of military and livery but- 
tons. — 23d December.— 2 months. 

To Daniel Stafford, of Liverpool, for improvements on carriages.— 24th 
December. — 6 months. 

To Samuel Denison, of Leeds, whitesmith, and John Harris, of Leeds, 
paper-mould maker, for improvements in machinery for the purpose of 
making wove and laid p^er.— 1st January, 1825.— 6 months. 

To Fierre Erard, of Great Marlborough-street, Middlesex, musical-in- 
strument maker, for certain improvements in piano-fortes.— 5th January.— 
6 months. 

To Alexander TUloch, LL.D., of Islington, for improvements in the 
stcam-enfpnc or ^paratus connected therewith. — 11th January.— 6 months. 

To William lienson and William Jackson, both of Worcester, lace- 
manufacturers, for improvements in machinery for making bobbin-net.— 
1 1th January. — 6 months. 

To Goldsworthy Gurney, of Argyle-street, Hanover-square, surj^n, for 
his improved finger-keyed musical instrument, in the use of which a per- 
former is enabled to hold or prolong the notes and to increase or modify 
the tone. — 3 Ith January.— 6 months. 

To Francis Gybbon Spilsbury, of Leek, Staffordshire, silk-manufacturer, 
for improvements in weaving. — 11th January. — 6 months. 

To William Hirst, of Leeds, cloth-manufacturer, for improvements in 
spinning and shabbing machines. — 11th January.— 6 months. 

To John Frederick Smith, of Diinston Hall, in the parish 6f Chesterfield, 
Derbyshire, e^uire, for improvements in the preparation of slivers or tops 
from wool, cotton, or other fibrous materials.— 11th January. — 6 months. 

To John Frederick Smith, of Dunston Hall, Chesterfield, esquire^ for 
improvements in dressing and finishing woollen cloths.— 11th January-^ 
6 months. 

K2 
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Pafents. — Meleorolo^ical Register at IVick. 

'Fo James Falconer Atlee, of Marchwood, county of Soiithaniptou, for a 
process by which planks and other scantlings of wood will be prevented from 
shrinking, and will be altered and materially improved in their durability, 
closeness of grain, and power of resisting moisture, so as to render the same 
better adapted for ship-building and other building purposes, for furniture 
and other purposes where close or compact W'ood is desirable; insomuch that 
the wood so prepared will liccome a new article of commerce and manu- 
facture, which W intends calling** condensed wood.*’ — 11th Jan. — 6 months. 

To George Sayncr, of linnslet, in the parish of Leeds, Yorkshire, dyer, 
and John Greenwood, of Goinersall, in the said count>, iiiachine-makcr, 
for improvements in the mode of sawing wood by machinery.— ] 1th Janu- 
ary.— 6 months 

To Thomas Magrath, of Dublin, for liis composition to preserve animal 
and vegetable substances. — 11th January. — C months. 

To Thomas Magrath, of Dublin, for his improved apparatus for conducting 
and containing water and other fluids, and presorting the same from the 
eiTectsof frost.— 11th January. — (J months. 

To John Phipps, of Upper Thames-street, stationer, and C’hristoplicr 
Phipps, of River, Kent, paper-maker, for improvements in machinery for 
maaiiig paper.— 11th January.— 6 montlis. 

To William Shelton Burnet, of Londoii-strect, London, for a now 
method of lessening the drift of ships at sea and protecting them in gales 
of wind. — 1 1th January. — 0 mouths. 

To Jonathan Andrew, Gilbert Tarlton, and Joseph Shrpley, of Crunips- 
hall, near Manchester, cotton-spinners, for improvements in the machine 
used for throstle and water spinning of thread or yawi, which improved ma- 
chine is so constructed as to perform the openitions of sizing and twisting in 
or otherwise removing the superfluous fibres, and of jircparing a roving for 
the same.— 11th January. — 6 months. 

To John Heathcoat, of Tiverton, lacc-inanufacturer, for improvements 
in machinery for making bobbin-net.— 12th January. — (> months. 

To William Booth and Michael Bailey, of ('ongleton, Cheshire, ma- 
chinists, for improvements in spinning, doubling, throwing, and twisting silk, 
wool, cotton, flax, &c.— 13th January.— 6 months. 

To Joseph Lockett, of Manchester, engraver to calico-printers and 
copper-roller manufacturer, for improvements in producing a neb or slob 
in the shell or cylinder, made of copper or other metal, used in the print- 
ing of calico, &c.— 14th January.— 2 months. 

To William Rudder, of Egbaston, near Birmingham, cock-founder, for 
certain improvements in cocks.— 18th January.— G months. 

To William Church, of Birmingham, for improvements in casting cy- 
linders, tubes, and other articles of iron and other rnetuls.— 18th January. 
—6 months. 

METEOROLOGICAL REGISTER AT WICK. 

To the Editors of the Philosojyhical Magazine and Jour naL 
Gentlenicn, 

As you have announced to the public that the Meteorologi- 
cal Register kept at Wick, and published in the last Number 
of your valuable Magazine, came from me, it is bqt right that 
I should name its author^Kenneth MacLeay, Esq. of New- 
more, who has for some years past been sedulously occupied 
in studying 'ineteorolo^ at the northern extremity of our 
island. I am, &c. W. S. MacLeay. 

kSCMMAKIES 



Summaries of Meteorological Observations for the past Year ; 

[Continued from vol. 63. p. 76.j 

Besxdis of a Meteorological Register kept at New Malton^ in the N, R. of Ym'kshirc^ in the Year 1824, 

hp James Stockton, Esq, 


Mil coral oglcal Register for 1824. — N. K. Yorkshire. 77 


Oi B 

s § 

ccO 

Character of each 

Month. 

: 

1 1 Ip 
^ 1 i ||3;, 

11 ^hM 

J 2 § 22 iS ^ 8 S« 

CO oj 

s 

Rain. 

in 

Inches, 

&c. 

«oc4ro<-4e^e«t^u^.Mu^oQr« 

•7<<NQp — 

? 


OJ 


1 :::<N-.:::-^::^ 

« 

> 0 ) 

<W 

1 

jg 

‘MOIlg 

1 Coro: ::::.- :ro 

»0 VO 0 0 »0 2 »£5'0 2 ’ 

»A 


•isiog 

^ 01 ^ 40 »o 


^*1 S 

1 - (U " 



: ^ 0 c» i'o'rr « »o a> 0 

o» c^vo''^‘*^'coc-5'i-h'i:^'c» 

VO 

c< 

■*}< > b 
o o 


_*AVN 

: »6 : :ic.NTtvo«o» 

CO 

= ■§ 1 
"i 33 -S 

•tt 

g i-s 

o i- ♦-* 

CQ ’TJ 

Winds. 

•AVS 

•s 

'^VO 'W o» w 0 00 — -«tOO « j 
^ to Tt*' w r^t>. 2 T R 

VO ic w -H j ^ ^ 06 00 

.• 1 


*518 

Cl r'tfo :c4>-4Cdci-^ : 

2 ^ 


- .. 

•5IN 

:<o-i : :o»o« ; — : 




ei ^ d<5fc a\o 6 '<s I'^oo rr tt 

SR 

« §.3 

o O <U 
bO 

lo ^ s 

«* 



vb 

1 

1 

'Ocfobbio.l.<b«av'br**cidb 

oeoco^ioiovb»ovr5'<r^r»3 

~f 

is 

« 

£_ 

•xepir 


S 

ST 

sc:.s 

.id a> 


*Sd9UBl|Q 

30 -OS 

;:22S2®'®^Sni522S 



rL| 

.5 

8E:flS!8Si|i28S'R? 

ob >0 OMO CO ro 0 -ir 10 vb 6 ^ I 

R 




m 

** c 

1 

n 

sHmmm'i 

8S'8'S‘8'S'&99S'S'^ 

& 

bo Q) 


6 


5 



1 

R88iS.S55!%Sa^g§ 

00 

ft 


i 

•sHtnopi 

Jan. 

Feb. 

March 

April 

May 

June 

July 

August 

Sept. 

Oct. 

Nov. 

Dec. 

ll^ 

•3a 


annual 
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ANNUAL RESULTS. 

' Barometer* Inches. 

Highest observation, Jan. 16th. Wind N.W. 80*780 

Lowest observation, Nov. 2Sd. Wind S.E. ... 28*210 

Range of the mercury ••• 2*570 

Mean annual barometrical pressure 29*770 

Greatest range of the mercui^ in January 2*210 

Least range of the mercury May ... *940 

Mean mondily range of the mercury 1*349 

Spaces described by'Hlie different oscillations ... 79*070 

Total number of changes in the year 162*000 


Six’s Thermometer* 


Greatest observation, July 14th. Wind S.E. ... 
Least observation, March 3d. Wind N. 

Range of the mercury in the tliermometer 

Mean annual temperature 

Greatest range in September 

Least range m February 

Mean monthly range 


86 ° 000 ' 
22 000 
64 000 
47 683 
54 000 
25 000 
34 916 


Winds, 


North ... 

Days. 


Days. 

... 58 

West 

... ... 59 

North-East 

... 52 

North-West 

... ... 31 

East *•« ••• 

... 13 

Variable ... 

... ••. 26 

South-East 

... 19 

Brisk 

... ... 42 

South ... 

... 38 

Boisterous 

39 

South-West ... 

... 70 




Bain^ ^c. Inches, &c. 


Greatest quantity in October ... ... 

Least quantity, January and July ••• 

Total amount for the year 

JJays of ram ••• ••• ... ... ... 

X)ays of snow ... ... ... ... ... 

Days of hail ... ... ... ... ... 


... 1-16 

... 36 ' 74 ! 

... 117’00 

... 15-00 

... 5-00 


Remarks.— The mean temperature of the year just elapsed 
very nterlv corresponds with that of 1819) and the amount of 
rain, which b tdmut 6 inches ^s thnn in the preceding year, 
is on a |hiiUar*par with that f# 1822. Upward&(d'20 inches 
it will bo Obs^ved hav^ fallen since the 1st of September, two- 
thirds of .nrjhich fdl by night, and frequently attended with 
most boisterous gales.' . , J. S. 

New Midtoo^ iMUBiy 9, 1825. ' . . 


A METEORO- 
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Meteorological Register for 1824. — Scotland. 

METEOROLOGICAL tABLE. 

Extracted from the Register kept at Kinfauns Castle, N. Bri- 
tain. Lat. 56® 23' 30". — Above the level of the Sea 1 29 feet. 



Morning, 


'"Mmb " 

ijeptii 


— 1 


mmmm 


Tempr. 
by Six's 

6f 

Eain. 

N®ofI 

o . i; 

Jays. 

.. 

1824. 

Barom. 

Ther. 

Barom. 


Ther. 

Inch. 100 


Fair 

January . . 

29*799 

41*193 

29*899 

4 1*322 

41*933 

1*35 

8 

23 

February. . 

29 710 

40*483 

29*700 

39*517 

40*862 

1*45 

11 

18 

March. . . . 

29*660 

39*774 

29*670 

S7-548 

39*451 

1*05 

11 

20 

April 

May 

29*779 

46*980 

29*728 

43*366 

45*970 

1-00 

9 

21 

29*915 

52*677 

29-9C1 

47*258 

50*710 

•40 

6 

25 

June. . . 

99-858 

58*583 

29*83- 

52*700 

56 400 

1*75 

9 

21 

July 

29*802 

60*387 

29*800 

56*419 

59*420 

1*80 

9 

22 

August . . . 

29*798 

58 710 

29*787 

54*:f58 

57*450 

1*70 

16 

15 

September. 

29*743 

54*800 

29*7 i 4 

59*066 

53*960 

2*20 

13 

17 

October. . . 

29*517 

47*45 1 

£9*502 

45*322 

47*255 

4*00 

22 

9 

November. 

29*317 

40 966 

1*9*320 

40*‘^ 

41*433 

4*40 

18 

12 

December . 

29*440 

38*677 


38*061 

39*451 

2*90 

16 

IS 

Average of 
the year. 

29*695 

48*386 

^9*685 

45*670 

47*808 

24*00 


m 


ANNUAL RESULTS. 


MOaNIXO. 


Barometer. 

OhservatUms, Wind* 
Highest, 16th Jan. SW. S0*54 
Lowest, Sth March, E. 28*41 


2'hermoweter, 

Wind. 

14th July. S\Y. . . 
4th December. W. 


, EVENING. 

Highest, 15th Jan. W. 30*55 I September, SE. . 
Lowest, 23d Nov. E, 28’40 j 4th December, W. . 


68 « 

23® 


65® 

22 ® 


Weather, Days. 

Fair 218 


KuinorSnow .... 148' 

^66 


Wind. 

Timet. 

N. and NK. . • . , 

. IS 

£. and SB. . . . . 

. . 110 

a and SW. . . . 

. . 55 

W.andNW. . . . 

. . 186 


^ 366 

Extreme Cold and Heat, by Six's Thermometer. 

Coldest, 5tb December « . Wind W. .’ . . 21® 

Hottest, 14th July . . . . Wind' SW.^ . . 

M^h Temperature ibr 1824 • 47^808' 


' ' RfiBULT OP TWO Sain Dauoes. ' In. ioo 

1. Centre' of tbe*Kftifai»is Garden, about 20 feet abore 

level of theSea . . ; . . . / 

2. Kinfauns New Castle, round Tower, about 150 feet • . • 20*18 


A METEOnO- 
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XIIL On the Method of the Least Squares. By J. Ivory, 
M.A. F.R.S. 

[Continued from p. 10.] 

TN the last Number of this Journal 1 have attempted to cte* 
^ monstrate the method of the least squares without having 
recourse to the doctrine of probabilities. It must be remem* 
bered that the demonstration, in whatever way we attempt it, 
must inevitably contain something vague. But the arguments 
that have been adduced for preferring the solution by the me- 
th^ of the least squares to every other, appear to be perfectly 
sufficient and conclusive as far as the nature of the prdbletti 
udll admit If the proof by the doctrine of probabilities be 
more formal, it is not on that account more sadsfectmy ; be- 
cause it involves precarious suppositions which cannot possi- 
bly be rigorously exact. - But in order to derive the greatest 
practical . utility from a system of eouations of condition, it 
becomes necessary to conneist the scuution of them with the 
rules of chance 5 , and we n^ proceed to treat the problem in 
this view of it. - , , * 

1 . It is perfectty imp^^sible to ascertain widi iMthemati- 
cal precision the probability of the error of an^obsixvation. 
There is even no proof that "the probability will in all ca<es 
depend precisely in the same manner upoii the magnitude of 
the error. All that can be accomplisbea in this theory is to 
adopt the suppositions that are least likely to deviate much 
from die truth. 

Experience shows that gre»l errors oecur less fre€|n^tly 
than small or middling ones. If we push^,this principle to 
the utmost length, the function ^(e), which denotes the pro- 
bability of error e, will be gre^st whqti e ss 0 , and it 
will decrease as e increases. Again, absttaedng from ejfrors 
that are afiSsc^d by a consent cause, and comx^mgpnr atr 
tention to such only as are irregular and fortiiiknls, the 
errors ± e will be equally probable, which requires that 

VoL 65. No. 322. Feb.lS2S. h f{e) 
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^[e) s : and, as it is most reasonable to suppose that 

(f (^) is d continuous function^ at least within certain limits, it 
follows that f{f) is the proper expression of the probability 
of the err'or e. 

All the errors bein^ contained between certain definite li- 
mits, suppose ±,f\ the function ♦(e*) will be evanescent 
when e is equal to or greater than Therefore, strictly 

speaking, f (^) must be a discontinuous function, having real 
values only between the limits ±,f and no values at ml be- 
yond the same limits: but this condition" will be sufficiently 
fulfilled if ^(^}be evanescent when ^ is infinitely great, and 
have a very small value when ^ 

The function ^ [f) may be regarded as the ordinate of a 
curve, corresponding to the abscissae + e ; and the small area 
de will denote the probability of an error between the 
limits e and e-\‘ de. Wherefore the integral fde^{e*\ taken 
from e^a to c = 6, will express the probability of an error 
between the limits a and h. And because all possible errors 
are contained between or ± it follows that f 
between the same limits, must be equal to unit, the expression 
of certainty. 

These are properties which it is essential that the function 
expressing the probability of an error must possess. Let us 
next consider the probability of the simultaneous existence of ^ 
a number of errors. 

2. The several errors c, dy &c., are independent of one 
another, since they arise from separate observations ; their re- 
spective probabilities are, (p (c*), <p {e'% (p (/'*), &c. ; wherefore, 
by the known rules, the probability of their simultaneous ex- 
istence is the product, 

<p(c^).^{0.<p(0&c. ^ (P). 

Now as every factor is always positive, and is evanescent 
when the error is equal to + op ; it follows that the product 
will have a maximum relatively to every error, and likewise 
an absolute maximum for certain definite values of all the 
errors* If the errors be functions of &c., the equations 
of the several maxima will be, 

l d(p{ei) del 1 dp{e'^) de'^ . n 

• TT ^ 

1 d££) I dpW*) ^ (B) 

• ddJ • "57 • “dTT --Jj; -t- «0v ~ u, 

and all these equations together will determine the values of 
&c. which correspond to the absolute maximum. 

Again^ let ^ denote a rational and integral function of 
&c., consisting of positive terms only. The function 

will 



Mr. Ivor}^ on the Method of the Least Sqmres. S3 


tvill therefore be always TOsitive^ and it will become infinitely 
great whenever any of tne errors is equal to ± co. There 
will therefore be a minimum relatively to every error, and an 
absolute minimum for certain definite values of all the errors. 
The"* equations of the several minima are respectively, 

dyp de'* 


de'i 

d 

TF 


dx 

dd^ 

dy 


d4> 

dd^ 


-f- &c. s 0, 


+ &C. = 0, 


dx 

dd^ 

dy 


(C) 


and all these equations together determine the particular 
values of &c., in the case of the absolute minimum. 

Let us now suppose that the most probable values of 4^ are 
the several minima, and consequently that the absolute mini- 
mum is tHb most advantageous, or the most probable, value 
of all : then, since the probability of 4f is just the same as 
that of the simultaneous existence of the errors which enter 
into it, that probability will have the product (P) for its ex- 
pression. Wherefore, in the supposition we have made, it 
follows that the minima of one function will take place at the 
same time with the maxima of the other; and hence we get 
these formulae, viz. 

1 d,f{ ^) _ d^ 


t _ , , dyp 

* dd^ * dd^* 

&C. 

which render the equations (B) and (C) identical, all the lat- 
ter being first multiplied by the arbitrary quantity Now 
it is manifest that these formulae cannot be satisfied unless 4^ 
have this form, viz. 


in which case all the formulae are contained in one, viz. 
1 - - A* 

dei ’ 


which determines the function f. 

If the probabilities of the several errors e, e', &C. be ex- 
pressed by different functions, viz. f (^), ^^*9 It 

will follow that must have l^is form, viz. 


4. =/(€*) + &c. ; 

and, then the several formulae will determine the functions 

3. In order to apply the foregoing reasoning to a system of 
equations of Condition, we must recollect that the most ad- 

L 2 vantageoiis, 
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vantageous, or the most probable, solution is when the sum 
of the squares of the errors is a minimum. Hence 


^ — .A*- 

consequently 

c being the base of the hyperbolic logarithms. It has been 
shown that the integral 

fde^{(*)=:k/dec-'^^, 

taken between the limits + co, must be equal to unit : and 
hence 


kfdec 






wherefore Jc = -4=-, and 

V* 

ov h -A-Jc* 

V • 

In order to determine h we must employ another considera- 
tion. The integral 

- ye® d c . ^ (e*) =! —~fe^ d e c”**** 

taken between the limits + cns, is equal to the sum of the 
squares of the errors multiplied by their respective probabi- 
lities ; and it is therefore the limit to which the mean of the 
sum of the squares of the errors converges as the number 
of the observations increases. Now the mtegral is equal to 

; and, if we denote by e, e", &c., the errors of the most 

advantageous solution, or those of which the sum of the 
squares is a minimum, we shall have very nearly when the 
number of observations is great 

1 •»+•'« + !"* + Ac. 

2*» ” n * 

n being the number of the errors. Hence, employing tlie 
summatorial prefix S, we get, 

287T»’ 

Unis eyery thing is known in the function expressing the 
probabiUly of an error. The quantity h may be consi&red 

as measuring the precision of the observations. For ^ is 

proportional to ^ — : and as the latter quantity is independent 

of 
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of n when the number of the observations is great, it follows 
that — will be greater or less according as the errors, taken 

upon the whole, are more or less considerable ; that is, ac- 
cording as the observations are less or more exact. 

4*. Let us now consider this system of equations of condi- 
tion, viz. 

e z=iax-\‘by-\-cz'^m 
d X -|- Vy rvl 

d*x + Wy + — w" 

&c. 

the quantities x^ y^ z, as well as c, e', &c., being indeter- 

minate. Put e, e', 6^', &c. for the particular values of d, &c. 
in the most advantageous solution, or when the sum of the 
squares is a minimum ; and let A, B, C be the corresponding 
values of x, y^ z, : we shall have 

0 =:rtA-f4B4-£:C — 

0' = fl'A4-i'B-f c'C-w' 

6"=«"A + y'B + c"C~7»" 

&c. 

and A, B, C will be found from the equations of the minima, viz. 
az f de 4- + &c. =s 0 

ft* + ft'g'4.5V4-&c. = 0 
c e + c' e' + c 'g" + &c. = 0. 

Again, let = A -f- w 

^ r= B + u 

z = C + to 

and w^ may regard w, u, w as the respective errors of A, B, C. 

Substitute now the expressions of x^y, z, in the values of c, 
dj &c., and we shall have 

c' = g' -f -h b^v + c'tc 
£*'= 4- d^u + 6"i; 4- w 

&c. 

Further, put a = (ai4 4-5 v4- c idf 
4* u 4- 6'u 4- c'tt?)* 

4- \d*u+ c'V)® 

4“ &c. 

then square the values of d\ &c.; add the results into 
one sum ; and leave out the terms which, on account of the 
equations of the minima," are equal to zero ; we shall get 

S • = S . g* 4” 

Now the probability of the function S . is equal to that of 
the simultmeous existence of the errors whose squares are 

added 
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added together : it is therefore proportional to the product 
(P), or to the exponential quantity 

^ 8. ^ -A» 8. .« -4* X 

C ■ s=C . 

Wherefore leaving out the constant factor, the probability of 
S.e*, or, which ts the same thing, the probability of the 
simultaneous existence of the errors ti, v, w, is proportional to 

In order to find the separate probability of the error we 
must take the sum of all tne values of the toregoing expression 
that arise by combining u with every ix>ssible value of v and 
w : it is therefore proportional to the fluent, 

fdvdvoc-^'^ 

both the integrations being executed between the limit +c\d. 

To determine the integral, expand the squares in the value 
of A, and collect the like terms ; then 
A =s S . + y* S . ta® S • 

4- 2 uvS.ab 4- 2ttU?S.ac + 

Again, assume t ss P 7/, 

4- Qv, 

^'=s 4- Q't> 4- Rw, 

and determine the arbitrary coefficients so as to satisfy the 
condition 

A = ^* 4-/'^ + ^'*. 

By equating the coeflicients of the like terms of this equation, 
we shall get 

p* + p* + p''» = P'Q + F'Q'=r S^aA, 

Q*4. Q'a-s.i*, P"R =sS.ac, 

R* 5 =S,c% Q^RsS.Ar. 

* M 

Hence we obtain P* s n* ; the values of M and N being as 
follows, viz. 

M = S.a* xS.i*xS.c* + 2S.adxS.acxS.ftc 

— S . a* X ( S . 6 c).* — S . X ( S, . c c)* — S . c? X ( S . « ft )*. 
N = S.ft»xS.c»- (S.ftc)*: 

and it is easy to prove that M and N will be always positive. 
It mil not ne necessaiy to determine the other coefficients. 
We ^all now have ‘ 

fdvdwc . s2—^,fdtrdf c , » . 

the limits of the intentions bjdng the same as before. 
Whwefore the probabui^ of the error u is proportional to 


and 
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and as the int^rations produce constant quantities only, the 
same probability will be equal to the expression. 


The constant k will be determined by observing that the in- 
tegral 

Ulken between the limits ±coj conipreheiuls every possible 
error, and it must therefore be equal to unit. Hence 


= 1 ; and k = - Wherefore, finally, the probability of 

the error m, in the value A found by the metluKl of the least 
squares, is equal to 

/iP 

If we compare this expression with the error of an original 
observation, it will appear that the precision of A, the value 
of the element found by the method of the least squares, is 
to the precision of the actual observations, as ^ to //, or as 
P to 1. The probability that the true value of the element 
is between the limits A(1 +8) is equal to the integral 


AP p, 

r J due 


taken between the limits ±A8. 


It is easy to transfer what has been proved with respect to 
t/, the error of A, to v and w, the errors of B and C. As the 
solution we have given extends to three elements, it will ne- 
cessarily comprehend the subordinate cases of one and two 
elements ; and there is no difficulty, except the length of the 
operations, of applying the same analysis to any number of 
elements. 


It is not my intention to treat of the practical details of 
this Theory, but merely to lay before the reader that particu- 
lar view of its principles which appears most natural and phi- 
losophical. All that part connected with the doctrine of 
chance, is founded on Ae hypothesis that in all cases the pro- 
bability of an error depends precisely in the same way on the 
magnitude of the error, or that it is always the same function 
of the erron Now, I believe, it will be allowed that the 
gi'ounds of this supposition are much less. sure than the evi«- 
uence adduced in proof of the method of the least squares. 
There would therefore be a great logical fault in making the 
most advantageous solution ot a system of equations of con- 
dition 
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cKtion depend, upon the arbitral^ expression of the probabi- 
lity of an errorr But when we set out with demonstrating 
the most advantageous solution from the nature of the equa- 
tions of conditions, the whole theory follows naturally, and 
is ^aced on its proper foundation. 

For better illustrating the principles of this important spe- 
culation, I shall resume the subject on a future occasion, and 
offer some further remarks upon it. 

February 3, 1825. James Ivoitv. 


XIV. On the Marmolite of Mr. Nuttall. By Lardner 
Vanuxem*. 


*^HE description and analysis of this mineral was published 
by Mr. Tnomas Nuttall, in vol. iv. No. 1. of the American 
Journal of Science and Arts. 

Having last summer visited with Professor Keating the 
Hbboken locality of serpentine f, I was enabled to make a 
number of observations ; the communication of which I hope 
will not be uninteresting, or considered unimportant by tne 
Academy. 

For some years post considerable doubt has prevailed 
among many of the best mineralogists with respect to the 
propriety of retaining serpentine as a mineral species, having 
few or none of diose external characters required to substan- 
tiate its claim to such a rank. By some^ serpentine has been 
considered as a rock, whose substance appeared to be the re- 
sult rather of a mixture of different minerals, or the elements 
of diff<^i*ent minerals, melted and deposited in a confused state, 
than an homogeneous substance or simple mineral whose 
aggregate has been effected by the power of chemical affinity. 
T^t It is not generally regarded to be a mineral, sui gena'is^ 


* From Jour, of the Acad, of Nat. Sdences of Philadelphia, vol. tii. p. 129. 

t Tlie author of the paper on the marmolite considers the serpentine of 
Hoboken, (N. J.) to ** appertain rather to the transition than the primitive 
range;” on what srouna f know not, further than the circumstance of a 
part of St being in fragments, and thesp fragments connected together so as 
to form a breccia: but this foot is . susceptible of an explanation by which 
the pnmordial character of the mass remains in all its integrity. Serpen- 
tine, like many other rocks, is split or cracked in various directions; in 
some parts of the serpentine of Hoboken, the cracks or fissures are very 
numerous, of‘ course uie fragments are small. These fissures in many in- 
stances are filled wlth.carbonate of lime, so that the fragments form one 
solid mvs. Now this fact is analogous to those parts of a rock, one of the 
prihudve class for example, which are traversed in difierent directions by 
▼diis in series ; and no one ever supposed that the intervening masses lost 
the^ primitive character from the presence of such veins. 
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it will be sufficient for my purpose to quote two authorities, 
Haiiv and Mr. Brochant : the former considered it as a rock, 
and nence it has no place in his mineralogical method; and 
by the latter it was (improperly) arranged (1819) as a sub- 
species of talc, under the name of Talc esquilleux^ i. e* scaly 
or rather splintery Talc. 

From the difference of opinion with respect to the rank ^nd 
place which serpentine ought to hold in our mineralogical 
systems, it is really a desideratum that all obscurity upon tliis 
subject should be removed, serpentine being important from 
its great abundance, and the many uses to which it is and 
may be applied. The object of this communication is to 
make known the real character of serpentine, which the writer 
believes he has ascertained, and submits his views with all due 
deference to the Academy. 

It is to Mr. Nuttall, whose zeal and talents as an observer 
of nature are well known, and whose contributions to natural 
history have already been so respectable, that we owe tlie in- 
troduction of a mineral to our notice, which in my opinion 
throws such light upon this hitherto obscure subject as to en- 
able us to assign to sei*pentine its proper place in the systems 
of mineralogy, and thereby to remove a part of* the confusion 
existing in that almost, as we might say, chaotic science. 

The marmolite, the mineral alluded to, possesses those ex- 
ternal characters which are acknowledged by all mineralogists 
to be typical of a species ; and is moreover uniform in its com- 
position, as. ascertained by the analysis of specimens from two 
localities that are nearly two hundred miles from each other ; 
and has the same analogy to serpentine that all the' lamellar 
or crystalline minerals have to their compact varieties. 

The description which Mr. Nuttall has given of marmolite 
is as follows: The texture is foliated, with the laminsB thin, 
and ofteh parallel, as in diallage. Sometimes also cleaving 
in two directions parallel to the sides of an oblique and com- 
pressed four-sided prism. These laminse, sometimes a quar- 
ter of an inch broad, are commonly collected iiUo radiating or 
diverging clusters, of a pale green or gi’eenish gray colour and 
a pearly submetallic lustre, soft enough to be easily ciit by a 
knife, and almost perfectly opaque, inflexible, and brittle. Its 
powder is unctuous and shining. By the influence of the 
weather it becomes whitish and 'more brittle. Its specific 
gravity by NicholsonV balance was ^*470." 

^ CAemicalCAaracief'S.^Be&re ihe blowpipe it^decrepitates, 
hardens, and slightly exfoliates without showing any signs of 

Vol. 65. No. 322. Feb, 1825. M To 
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To the above description 1 have but a few observations to 
make; li^t. That no notice is taken of the cross fracture of 
the marmolite, which, in the fresh specimens, is important, 
from its identity to the precious serpentine, u compact, and 
presenting those minute scales or splinters which result from 
small portions in part detached from the mass, exhibiting the 
appetence of wax when broken* — 2dly. I was not able, in 
any of the specimens in my possession, either in those from 
Hoboken or Bare Hills, to discover natural joints in more 
than one direction, namely, that which gives the lamellar 
structure to it— Sdly. With respect to the opacity of the mi- 
neral, it is true that all those specimens are opaque in mass 
which have been exposed for a long time to the action of the 
atmosphere ; but these if put into water become transparent, 
and the fresh specimens possess a considerable degree of trans- 
lucency. 

Oftht Composition of the Marmolite . — I was induced to un- 
dertake the analysis of the Bare Hill variety, from a desire 
of knowing the proportion of each of its constituents, the 
quantity of silex only being given by Mr. Nuttall: and finding 
a difference between his result and my own, I was led to ex- 
amine that also of Hoboken, particularly as Mr. Nuttall had 
a loss of 2^ per cent. ; he omitting to deduct from the 46 parts 
of magnesia the 2 parts of lime iimich he found in it. 

1 should offer my result with diffidence, if 1 had not assured 
myself by repeated analysis of the exact quantity of silex, 
water and iron, in each of them. 1 did not find any lime in 
the Hoboken mineral, though I tried by one of our most de- 
licate tests— namely, oxalate of ammonia. I made no search 
for chrome, the discovery of atoms being of no consequence 
in the point in question. 

The modns operandi was to calcine a portion for water; . to 
digest another portion with nitro-murlatic acid until every 
particle was attacked ; then to evaporate to diyness by a gen- 
tle heat, so as not to decompose the salts of iron and mag- 
nesia in setting the silex free ; to dissolve the salts with acidu- 
lated water, and filter. The iron was separated from the 
liquor by succinate of ammonia ; and the magnesia, as the re- 
sidue, was obtained by evaporating the liquor, and then cal- 
cining. 

In tbe same manner I also analysed the beautiful precious 
serpentine of Newburyport (Mass.), wishing to know if in its 
compb^tim it accords with the European specimens; and 
also to C 5 ^"rm my opini<»i of the chemical identity of the 
marmolite and serpentine. The results of these experiments 
are follows : 


Silex 
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Bare Hills. Hoboken. Precious Serpentine. 


Silex .... 42*$9 40 42 

Magnesia ... 40 42 40 

Water . . . 16-11 16-45 14*38 

Deutoxide of iron 1*16 -90 1 

Loss .... *4 *65 2-62 

100 100 100 


By comparing the above analyses with the analyses of the 
precious and all the hydrous serpentines, no real difference 
can be perceived; hence we must conclude them all in that 
respect to be the same. Mr. Nuttall, on the ground of che- 
mical composition, is of opinion that marmolite might equally 
be referred to talc or steatite.” Now all well characterized 
talc contains much more silex, less magnesia, and less water, 
in the proportion of about 62-5 silex, 31*5 magnesia, and 6 
water. As to steatite, 1 can only consider it as ^ rock of 
which talc is the basis ; and hence its composition may vair 
by admixture with other rocks or minerals, as is the case with 
every great mass of mineral matter. I have no doubt that 
among the many analyses we have of the substances arranged 
under steatite the marmolite may be found, and probwly 
even also among the diallage, bronzites, &c., though in an im- 
pure state. 

To conclude : The marmolite corresponds with serpentine 
in all its important characters; to wit, composition, infusibility, 
hardness, and specific gravity : also in those characters of less 
importance ; as colour, fracture not dependent upon internal 
arrangement of particles, lustre of the same, &c.; and differs 
only as to crystalline structure, and lustre thereon depending ; 
both of which circumstances belong to every mineral specks 
which present crystallized and compact varieties. 

All mineral substances are identical that agree in composi- 
tion, hardness, specific gravity, and primitive form or crystal- 
lizi^tion,;-^but the absence of the latter character, so far from 
making a specific difference, is merely considered in the light 
of an accident. Conceiving then the identity of the marmo- 
lite and serpentine to be fully proved, we shall have three 
sub-species or varieties of this mineral, according to the idea 
or importance attached to these sub or minor distinctions. 

1st Sub-species. Marmolite or Uumellar ( rare, forms mus^s not exceeding 

^ Serpentine ( a few inches in diameter. 

. 2d Do, Precious or compact C more abundant ; but if it forms 

• tranducent Serpen- ^ rocks, they are of very limited 

tine»..« ( extent. 

3d Do. ' Common or Seipen- 1 forms rocks of great magnitude, 
nnerock i often veiy impure. 

M 2 XV. An 



C 92 ] 


XV. ‘An Account of the Earthquakes^ uohich occurred in Siciljf 
in 'SAurch 1823. By Sig. Mate Ferrara, Professor of 
Naturai Philosophy in the University of Catania^ cfc. 

O N Wednesday the Sth of March 1823, at 28 minutes after 
5 P. SicUy suffered a violent shock of an earthquake. 
1 was st^ding in the large plain before the palace, in a situa-i 
tion where 1 was enabled to preserve that tranquillity^ of mind 
necessary for observation. The first shock was indistinct, 
but. tending from below upwards ; the second was undiilatory, 
but more vigorous, as though a new impulse had been added 
to the first, doubling its force ; the third was less strong, but 
of the same nature; a new exertion of the force rendered the 
folirtli equal on the whole to the second ; the fifth, like the 
firsts had an evident tendency upwards. Their duration was 
between sixteen and seventeen seconds ; the time was pre- 
cisely marked by the seconds hand of a watch which I had 
with me. The direction was from north-east to south-west. 
Many persons who ran towards me from the south-west at the 
time bt this terrible phsenomenon were opposed by the resist- 
ance of the earth. ^JThe spear of the vane on the top of the 
new gate connected with the palace, and upon which 1 fixed 
my eyes, bowed in that direction, and remained so until the 
Sunday, when it fell ; it was inclined to the south-west in an 
angle of 20^ The waters in the great basin of the botanical 
garden, as was told me by an eye-witness, were urged up in 
the same direction by the second shock ; and a palm-tree 
thirty feet high, in the same garden, was seen to bow its long 
leafless branches alternately to the north-east and south-west, 
almost to the ground. The clocks in the observatory, which 
vibrated from north to south and from east to west, were stopped, 
because tlie direction of the shock cut obliquely the plane of 
their respective vibrations ; and the iveight of one of them 
broke its crystal. But two small clocks in my chamber kept 
their motion, as their vibrations were in the direction of the 
shock. The mercury in the sismometerf preserved in the 
obseivatory was put into violent motion, and at the fifth shock 
it seemed as much agitated as if it were boiling. 

To the west of Fdermo, within the mountains, the earth- 
quake retained little of its power ; since at Morreale, four miles 
distant,, trifling injury only Was sustained by the (Benedictine) 
monasteiy .bf S. Castrense, the house of the P. P. Conviventi, 
and the aediinary of the clergy. At Parco, six miles distant, 

‘ ^ • 

* From the Boston Jouraal of Philosophy and the Arts for Sept. 1824. 
f An instrument, apparently, fdr the purpose of showing uie violence 
of the shock of an earthquake.— 'Ta, 

Mary’s 



On the' Earthquakes in Sicily in March 1823. 93 

Mary’s ccdlege, the monastery, the parish churchy and a few 
peasants’ cottages, were all that suffered. At Pia^ the bat- 
tlements of tlie tower wei*e thrown down. But more of its 
power was felt in places on the sea -coast, as appears from, its 
eifects at Capaci, four miles distant, where the cathedral and 
several houses were ruined; and at Torretta, fourteen miles offf 
where the cathedral, two storehouses and some dwelling* 
houses were destroyed. Beyond, its power continued to di- 
minish; and at Castellamare, twenty-four miles off, the state- 
house only had the cleft, which was made in 1819, enlarged. 

In maritime places east of Palermo the shock Was immense. 
At Altavilla, fourteen miles from Palermo, the bridge was 
shaken. At Trabia, twenty-one miles, the castle, and at 
Godiano, the cathedral and some houses, were destroyed,— r 
enormous masses from Bisambra, a neighbouring hill, were 
loosened, and fell. At Termini, twenty-four miles, the shocks 
were very violent, exceeding all that had happened within the 
memory of its inhabitants. Those of 1 8 1 8- 1 9 were very strong 
but the city received at those times no injury ; now, the con- 
vent of St. Antonio, Mary’s college, and various private houses 
felt its effects. 

The warm waters, as well those of the baths as those from 
the neighbouring wells, which preteeed from the same subterr 
ranean source in the mountains along the coast of Terminii 
increased in quantity and warmth, ana became turbid ; con- 
sequences that always succeed convulsions of the earth, by 
which their internal streams are disordered. The clay tinged 
the fluid with its own colour, and equal volumes of the water 
yielded a greater quantity of the clay than before, when the 
colour was deeper*. Most of the houses in the little new town 
of Sarcari, two miles from the shore, and consisting of less 
than a hundred houses, were rendered uninhabit^le ; the 
walls were thrown down, and the more lofty buildings were 
all damaged. The effects of the earthquake are found to be 
greater in proportion to its advance eastward. 

FoPtyreigbt miles from Palermo, at Cefalu, a large city ori 
the shore of a promontory, the eifects were various and injur 
rioui .Without the walls, two convents, a storehouse, and 
some country-houses, .were injured,, but no lives -were lost^ 
The sea maefe a violent and sudden. rush to the shorei. carry- 
ing with it a large ship laden with bil; and when.the wave, re^ 

* The warm and minSral Bupketm in Calabria* jwWdi 

sprang up after the memorable earthquakes in 1638, presented the same 
phaenomena in fliose of l7SB,-^Grim(Udil)escr. dei Trem, del 1783. 

[See also the remarks on volcanic phsenohiena in M. de .HUmhoIdt^s 
paper on the hio Vhtagfe in'our presentnumbep.— Edit.] 

tired 
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tired she was left quite dry ; but a second wave returned with 
such immense force that the ship was dashed in pieces and 
the oil lost. Boats which were approaching the ^ore .were 
borne rapidly forward to the land ; but at the return of the 
water they were carried as rapidly back, far beyond their 
first situation. The same motion of the sea, but less violent, 
was observed all along the shore, as far even as Palermo. 
Pollina, a town with nine hundred inhabitants, occupying 
an elevated position at a little distance from the sea, was in- 
jured in almost every building; particularly in the church of 
St Peter and Kunciata, in the castle, the tower, and in other 

I daces. Nor did Finale, a little nearer the shore, suffer 
ess; five of its houses ^1 in consequence on the 11th of 
March. 

Beyond the towns which have been mentioned, towards the < 
interior of the island, the shock was vigorous to a certain ex^ 
tent; but kept decreasing as it proceeded, throughout the 
whole surface. At Citninna, south of Termini, a statue was 
shaken from its place on the top of a belfry in front of the 
great church, and a part of the clock-tower tailing, killed one 
person, and badly wounded another. In Cerda, me shock af- 
fected the great church, some houses, and half of one of the 
three forts placed near the city to support the earth on the 
side of a great declivity. 

The only church in Roccapalomba, which is situated at the* 
top of an acclivity was ruined. The parish church and some 
private houses in the little town of Scillato were overthrown. 
InGratteri, ala^etown south of Cefalu,« injury was sustained 
by the church or St. James, and other houses. Considerable 
damage was sustained by various churches and many private 
houses in Colesano^ a town containing two thousand inhabi- 
tants, and situated on an inclined plain on tlie eastern side of 
the mountains of Madonie. One of the colleges de Maria was 
render^ uninhabitable. The hospital, a grand fabric^ was 
made a heap of ruins. The loss is calculated at about thirty 
thousand onze. In the vicinity of Pozzilio and St. Agata, 
through a large extent of land many long fissures and caverns 
were made. Similar caverns and fissures in argillaceous chalk 
were ope^ied near the little town of Ogliastro, sixteen miles 
south-east of Palermo. At Isnello, at tne foot of the Madonie 
mountains, the injuries which were received in 1819 were |n- 
crea^: Oeraci, among the sanfe mountains, suffered a like 
fortune in the ruin of the cathedral : . Costelbuono and St. 
Maul^ within the same regions, were damaged, 'both by the 
former and the last convulsions ; by the last, the cathedral, 
ihe church of St Mauro, and five private houses suffered much. 

The 
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The damage done to Castelbuono is reckoned at twenty-two 
thousand mze. 

The northern coast of Sicily, towards Cape Cefalu, after 
bending to form the eastern part of the great bay included on 
the west by the mountains to the left of ralermo, extends into 
the sea towards Eolie (theLipari islands), and presents, towards 
them, a hollow front, the western part of \i(hich is formed by 
Cape Orlando, and the eastern by Cape Calava. Places situated 
about this bay suffered the most violent convulsions. Nato, 
containing four thousand souls, and situated on an elevation, 
was almost entirely laid waste, and a great number of private 
houses destroyed ; the monastery, hospital, the churches of St. 
Peter, Anime del Purgatorio, St. Demetrius, and the cathedral, 
were in a great measure overthrown. The Quartiere del Sdl- 
vadore suffered less : a transverse cleft was made in the earth, 
and fears were entertained lest the whole elevation upon which 
the city is built should be overthrown. Only two persons 
lost their lives ; for the people, warned by a slight shock which 
was felt some hours before, had all fled into the country. 
Directly in front of Vulcano, (one of the ^olian isles,) Patti, 
a city built on the declivity of a mountain, and at the distance 
of half a mile from the eastern extremity of Cape Calava, 
had its cathedral, bishop’s palace, convents, and many pri- 
vate houses jnjured. With the copious showers of the nfth 
fell some roofs ; various houses in the country were ruined. 
Pozzodigotto, Meri, and Barcellona were injured a little. At 
Barcellona a wide cleft was made in the belfry of the church, 
and threatened its ruin. The shock at Milazzo on the sea 
was violent, as also at St. Lucia, six miles from it, situated 
on an eminence ; but without any bad consequences. Some 
damage was done to the hospital, several churches, and pri- 
vate houses, at Messina. In the interior of Sicily the motion 
was communicated as if it were far from the centre of force : 
in some places towards the south some buildings which were 
old and out of repair felt the effects, particularly at Caltau- 
turo ; and at Alimena, in the cathedral and convent of the 
Reformed. The shock gradually wasted itself ns it advanced ; 
and at Catania so slight was the impression made on the {peo- 
ple, that they went to the theatre the same evening. It was 
perceived by a few persons only in Syracuse and in some of 
the neighbouring towns. In the district of Modica, towards 
Cape l^saro, scarcely one 'felt it. No bad effects ivere pro- 
duced by it in the southern parts of the island : in the western 
it was felt, but without injury. It was pretty strong at Alca- 
mo, but slighit at Trapani. 

Injuries at Paferao.— The ancient city of Palermo was 

founded 
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founded upon a rocky tongue of land between two large and 
deep bays. The extremity of this point constitutes, at this day 
the centre of the modem city. Matter, transported thither 
by the water from the interior, and thrown up by the sea, to- 
gether witli the labour of men, has gradually filled up the 
lateral spaces, and extended the peninsula with this trans- 
ported and alluvial earth, and formed the present soil. It is 
now composed in part of calcareous rock, and in part of mud 
or alluvial earth ; both are traversed by canals and large 
conduits for the circulation of , water for common use, and by 
common sewers communicating with the neighbouring shore. 
The adjacent parts present a surface composed of calcareous 
tufa, and an earthy aggregate tender and friable ; but deeper 
down it is more durable, and partly siliceous. The cheapness 
qS the tufa and the ease with which it is wrought have caused 
its adoption as a building stone, contrary to the custom of onr 
ancestors, as appears from the immense excavations and pits 
about Syracuse, Girgenti, and some others of the ancient cities 
of Sicily. Till lately, the common cement was composed of 
a fat earth, to which ashes were sometimes added ; it was 
called tqjo. Within a few years, lime and sand have been 
used. But they do not always employ for lime the stone 
which is hardest and most proper, nor that which requires 
an equal degree of heat in calcination ; nor are all the pieces 
white. It is not slaked methodically, nor mingled with that 

E atience which caused the ancients to say that lime should 
e tempered by die sweat of the brow. And here, indeed, 
this labour is the more indispensable, as Palermo is destitute of 
puzzolana, and of those ferruginous earths which render such 
valuable service to those volcanic towns of the island which 
can obtain a cement so adhesive and durable. 

The soft rock of the surface serves in large masses for a 
foundation upon the clay. But the brittleness of the rock, 
and the instability of the earth, its readiness to change from a 
level at the least motion, or by the action of moisture, which 
the air and soil of Palermo make permanent, render the ftnim 
dation very far from firm. I have seen pieces of the founda- 
tion of large . edifices so entirely reduced to earth as to be 
removed with a spade. ^ This inconvenience exists even when 
the rock in its natural situaftion serves as the base. Where a 
building is raised upon a sml the parts of which are of different 
natures^ it must suffer much .from the uneaual rei^istance of this 
soil. , The right side of the royal palace has for several years 
beentn^^pig from a p^pendicular, in Qonseqam^ of its hav- 
ing been ^aced on the ancient alluvial formation, while the 
TWBindec df the building rests on a rock. Sometimes we see 

buildings 
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buildings raised on an inclined plane, with one part of the base 
more elevated than the other : in this case it is evident that 
the oblique pressure is compounded of two forces ; one per- 
pendicular to the resistance, and which is overcome by it ; the 
other parallel with the resistance, but which, not entering 
into th6 action, operates in its own direction. The equilibrium 
is thus destroyed, and the stability of such buildings Cannot 
be of long duration. 

Our author goes on to speak of the necessity of having 
acute angles to many of the streets on account of their crook- 
edness, and how liable buildings are, from this circumstance, 
to be thrown down ; that regular foundations are not very 
much used, and even when used are soon destroyed by the 
action of the atmosphere, by water, and many other causes. 
He finds fault with the forms of the stones used in building, 
with the cement, its want of adhesion ; and compares houses 
constructed in this manner with those of ancient Tyndaris, 
many of the walls of which, standing on the top of some of the 
highest mountains, were so well balanced, the pieces so nicely 
cut and jointed, even without any cement at all, that they have 
stood firm for a thousand ^ears. 

Upon foundations so infirm, and with materials so frail, 
buildings are raised to the height of four or five stories. — He 
next remarks on the disproportion of the thickness of the walls 
to the weights they sustain. Though diminishing exceedingly 
in thickness from bottom to top, they are still very much weak- 
ened by the great number of windows, are overburdened by im- 
mense cornices, and little chambers, and kitchens, projecting 
fearfully beyond the sides; and by terraces and balconies 
loaded with enormous vases of stone. The beams which 
support the floors scarcely touch upon the Walls, are not 
charred nor faced with lead to defend them against the mois- 
ture, and are almost always injured by tlie lime in which they 
lie. Many particulars of this kind our author has mentioned, 
all tending to show the great want of prudence in the manner 
of building. 

In the night of the 1st of September 1726, continues Pro- 
fessor Ferrara, an earthquake destroyed, or very much in- 
jured, all the buildings situated on the muddy soil, and many 
(which were out of repair or badly constructed) placed on rock. 
Earth, of the nature of the first, is less capable of receiving 
motion from ji shock, than the last, since it possesseis less re- 
sistance. But facts show that this advantage is more than 
compensated by want of stability in edifices raised upon it. 

Vol. 65. No. 322. Feb. 1825. N At 
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At Messina, in 1785, all the building upon a plain, and upon 
earth thrown up by the sea, were destroyed ; while those on 
the neikhbouriDe hills were not moved. The same happened 
at Calwria 9 ana in 1805 in the district of Molise. In this 
account we should notice the cavities made in the earth, lliey 
were esteemed by the ancients as preservatives against earlh- 
quakes,~not by affordingan outlet to the subterranean vapours, 
as some have thought, but by interrupting or diminishing the 
course of the shock. 

The houses were rebuilt in the same situation, and ader the 
same mode; the fissures of those which were damaged were, 
as we now observe them, only covered over on the outside by 
a slight coating of lime. These very places, and precisely the 
same houses, were this year laid waste ; and so they will al- 
ways be in future, unless a more prudent and more reasonable 
method shall regulate new buildings and new repairs. 

Professor Ferrara proceeds to give a very particular account 
of the effects of the shock upon buildings in different situations, 
which it would be hardly interesting to repeat here. Most of 
the injury, he says, was done by the second impulse of the 
shock, when the spear of the vane on the new gate was bent, 
and the water in the basin in the botanical garden was forced 
violently up one side. Immediately after Uie shock, he re- 
marks, the apparent injuries were not very great : but the' 
blow was given, and the long and abundant lowers of rain 
which succeeded continued to develop and increase the in- 
juries ; and now, though not very many buildings are entirely 
destroyed, yet there is scarcely one which has not received 
some damage. Here follow some notices of the dreadful con- 
sequences vmich befel many of the inhabitants, from the falling 
of the timbers and stones and walls ; of the vases from the 
piazzas into the streets; and many other things which it is un- 
necessary to mention more particularly. Nineteen persons 
w^ere killed and twenty-five wounded. In the earthquake of 
Sept. 1,, 1726, four hundred were killed and very many 
wounded. 

In the close of this chapter he remarks, Do not these sad 
facts impress us with the necessity of every attention in the 
construction of new*edifices? Already have the zeal of the 
govemoiTv the facilities offered by the senate, and the concern 
of the active citizens, given a strong impulse to the repara- 
tion of the disasters. Soon will the shadow of the past ca- 
lamity pass away, and the grand city of Palermo will be still 
more l^autiful. When we reflect upon the immense list of 
e^hquakes which Sicily has suffered, and the possibility of 

its 
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its increasing every moment, we feel the inevitable necessity 
of holding ourselves strongly prepared to meet the sudden 
assaults of so powerful an enemy. Messina, which suftered 
so much in 1783, although violently moved by this last shock, 
experienced from it no bad effects ; for this noble city has 
risen from her ancient ruins robust and majestic. Catania, 
in 1818, was convulsed in a terrible manner; but its inhabi- 
tants were enabled to contemplate without a tear all the little 
injury sustained by their beautiful fabrics*. 

Succeeding Shocks* 

After the shock of the 5th, the black clouds which covered 
the heavens on the north and west formed a dark band, mea- 
suring from the zenith towards the horizon 60®, and extending 
from north to south. It was terminated at the base by a circular 
line passing from north to south, through the west, and ele- 
vated at the southern part about 30® above the horizon. The 
sky itself was very clear, and its extreme brightness was in- 
creased by the contrast with the dark band above, and by the 
sun just on the point of setting. A little below the band were 
two other lines parallel and perfectly regular. This myste- 
rious appearance inspired with fear the minds of the people, 
who are always seeking in the heavens for signs of future 
events. But it preceded a tempestuous night which followed 
with torrents of rain, with thunder, snow, hail, and windf. 

* After the fatal eai'thquakc of 1693, in Catania, by which eighteen thou* 
sand persons perished, the people began to build of one stoiy, and always 
after the plan of barracks. But as the fear passed from their minds they 
raised their houses two stories, and sometimes even three, and not with much 
solidity. Since the middle of the last century, the excellent materials sup. 

t illed them by Etna, the good method and prudent regidation of the stories, 
lave promised long duration to this city. It may possibly be injured, but 
cannot be easily ruined, although at the foot of the most formidable volca. 
no in the world. After the catastrophe of the 5th of March in Palermo, the 
lieutenant, the pretor, senators, and polibe, exerted all their zeal. They 
obliged proprietors to prop up their houses within twenty-four hours, or to 
demolish them if they were not susceptible of propping. The senate took 
u[)on themselves the charge of repairing the houses of poor proprietors, to- 
gether with the expenses. 

f In all times signs have been mentioned as announcing earthquakes near 
at hand. People read them in the air and upon the earth ; and some philo- 
sophers even have given them credence. The fre^ent occurrence of these 
signs, without the expected phasnomena, is a suindent argument against 
them. But less uncertmn are those which accompany the phenomena, as 
rain and thunder. To that of 1693 such fearful storms succeeded, that for 
many hours, at Catania, the groans and voices of the miserable wretches 
buried und^r the ruins weredrowned by the roaring of the torrentsof rain and 
the tremendous thunder. The same circumstances took place at Calabria 
in 1783; and we were witnesses of the same on the nignt of the 5tH of 
March. An extraordinary quantity of electric fluid is developed, and being 
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On tlie night of the 6tli, at forty-five minutes past one, in 
St Luci 2 \ de Millazzo, six miles from the shore which looks 
towards Volcano and Stromboli, a severe shock was felt; and 
afterwards, at various intervals, horrible noises were heard, 
four distinct times, rumbling fearfully beneath them; and 
finally, at htdf past riiree o’clock, the shock was repeated. Both 
were felt at Messina, but without any subterranean noises. 
Nothing'of it was felt at Palermo, or in any places in the west 
At fifty-six minutes past ten, in the night of the 7tb, anotlier 
shock was felt at Palermo, sufficiently strong to put in motion 
the pendulum of a small clock which I had stopped that I 
might riegulate it in the morning. Its vibration from N.E. to 
S.W. showed me with certainty the direction- of the shock. 
Light ones were felt on the 26th. On the 31st, at two and 
fifty-two minutes P.M. one* was felt at Messina, moderately 
severe, of five or six seconds duration, and undulating. Two 
others on the 1st of April, and one at Castelbuono on the 
28th. I should add that they mention a sliglit one there on 
the 16th of February; but they are more certain of those of 
the 5th of March ; one at 1 P.M., die other at 3. These 
were they which induced the inhabitants of Naso to leave 
their habitations and flee into the country, where they were 
when their city was laid waste. Here the Professor mentions 
many other places in which small^ shocks were felt in July 
and August : but as no important remarks are made, we pass 
over them to his more interesting chapter of physical obser- 
vations. 

[To be continued.] 

conducted from the deep cavities of the earth to the surface by the force 
of cquilibriuni, produces there extraordinary vaporization when hygrome- 
ters have shown extreme dryness. The atmosphere, charged beyond mea- 
sure with vapours, will ^ve room to their decomposition, which changes 
them into vesicles and then into rain. Piety meteors will be produced by 
the electric fluid, liberated by the passage of the vapours into water. If hy- 
dre^n gas escape from the earth, it may be inflamed by the electric spark, 
and pr^ent the appearance of fires. I should mention here, tliat in vol- 
canic rc^ons s^s may sometimes precede earthquakes; but this happens 
there by the proximity of the place of the subterranean operations to the 
surface of the earth, which circumstance connects the internal phenomena 
with those of the^ adjacent atmosphere. On the morning of the 8th of 
March 1669, at Hdara, a town on the side of Etna, the air became ob- 
scure as by a partial eclipse of the sun ; soon after, the earth began to shake, 
and continue so until the 11th, when an immense fissure opened near 
Nicolosi, a neighbourips town— a sparkling light appeared over the fissure ; 
and on that very day, while the terrible shocks were levelling Nicolosi with 
the ground, an enormous burning river, amidst horrid rumblings, roarings, 
and explosions, was belched out, which 6owed fifteen miles, covering a 
great extent of laiid, and for four months spreading terror over Sicily.— 
Inc, JStn., Ferr, Descr, deW Etna, 


XVI. 
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XVI. On the Use of Functional Equations in the FUcmcntary 
Investigations of Geomch'y. 

To the Editm^s of the Philosophical Magazine and JoternaL 
Gentlemen, 

A FEW years ago, when the French edition of Legendre’s 
Geometry first fell into my hands, I was considerably at- 
tracted by the famous second Note. I bestowed some atten- 
tion upon the subject, and was led to a particular artifice, which 
1 then conceived sufficient to destroy the force of Mr. Leslie’s 
objection to the legitimacy of .the investigations. Accident 
brought before me, some weeks ago, a volume of your Journal, 
which recalled my former ideas. It contained two papers upon 
the subject, signed Dis-1ota*, which it is needless lurtlier to 
characterize than to attribute to Mr. Ivory. He firmly esta- 
blishes, I think, the objections which he formerly made (like- 
wise anonymously) in a letter to Mr. Leslie. There cannot 
remain a doubt that the supposition of the identity of the func- 
tions &c. involved in Legendre’s mise en equation^ 

is fully equivalent to Euclid’s axiom. Legendre’s method 
then falls to the ground, in so far as he inten^d it to overcome 
this great difficulty of geometry : but it still retains all its 
interest as a methem of investigating the elementary relations 
of space. We all know thejsplendour of analytical mechanics, 
compared witli the old investigations by means of diagi*ams ; 
and how pretty would it be, even although useless, were our 
geometries condensed into a few families of formulae, each 
bearing as wide a meaning as the well-known 2 fip = 0 in 
mechanics. In this light alone am I inclined to view Legen- 
dre’s investigations ; and I feel a deep interest in attempting to 
elucidate them. In a few points Mr. Ivor/s (or Dis-Iota’s) papers 
appeared to me somewhat deficient. Tliey were in my bands 
only for an hour or two, so that I cannot now refer to the par- 
ticular passage which left this impression. I therefore submit 
my ideas to you in the form of a few general critical remarks. 
Let us state in the first place the exact nature of Legendre’s 
reasoning respecting the constitution of his functionary equa- 
tion. He discovers from superposition, that a triangle is de- 
termined by the constancy of the three quantities A, S, and c ; 
or, in other words, that these are all the variables upon which 
the value of C can depend. But he asserts, if C required the 
combination of them a//— -for its determination an analytical 
absurdity would exist in the equation C as ^(A, B, c). The 
only possible^manner jffien in which C can receive a deter- 
minate character from ihe constancy of these quantities is ex- 
* On the Theory of Parallel Lines. Phil. Mag. vol. Ixiii. p. 161 & p. 346. 

pressed 
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pressed hy the equation C s ^ (A, B), which is therefore true. 
This is quite logical. It would be a waste of time to examine 
Mr. Leslie’s objections to the universality of the law of homo- 
geneity. They must have escaped him in a moment when his 
eagerness to put down analysis (which he seems to consider 
synonymous with mysticism) got the better of his natural quiet 
appreliension of intellectual truth. They will be found suffi- 
ciently discussed in Baron Maurice’s paper* But he brings 
forward an objection of a dif^rent chameter, which probably 
deserves greater attention than it has met with. He attempts 
to deduce an absurdity by the employment of similar reason- 
ing in a precisely similar case, and hence Infers the fallacy of 
the whole procedure. 

A triangle, says he, is determined by an angle and its in- 
cluding sides ; or, these are all the variables wliich can enter 
into the determination of the base. But the angle cannot en- 
ter in virtue of the law of homogeneity. Hence c = ^(«, b). 
Playiair, Legendre, and Maurice, it is well known, have all 
insisted in reply to this, that there exists a most obvious distinc- 
tion betwixt the two cases. They have insisted that the dif- 
ferent relations in which C and c stand with respect to their 
respective standards of admeasurement, render necessary' the 
introduction of a specific reasoning suited to each case. It is 
quite plain that the adoption of any linear unit is altogether 
conventional, and the unit itself of course variable. A line 
taken by itself, then, is of no definite magnitude. The right 
angle, on the other hand, is a fixed and deteiTninate quantity — 
a quantity quite independent of every other; and consequently 
every angle as a part of it is likewise fixed and determinate. 
Now let us see what effect this distinction will have upon the 
similar equations C = f (c, A, B) 
c = 4^ (C, a, 6). 

There exist two reasons for dismissing c from the first of 
these; a reason arising from the operation of the law of homo- 
geneity, and a reason arising from its indetermmateness. On 
3ie other hand C is a determinate quantity ; — but does that de- 
stroy the heterogeneity of the latter expression ? C is certainly 
definite but it is merely so as it is referable to an independent 
unit. It is but a portion of that unit, and consequently still a 
quantity^ ^ its omt kind* There is no other angle in with 
which it noay be connected, in order that it bear a relation' to 
the ratios the lines a^ bjc; and the law of homogeneity 
thereforo/ordains its dismissal. Even allowing the d^tinc- 
tion contended for, Mr. Leslie’s reductif^ thus seems peiHTectly 
valid. But the geometers I already quoted have not thought 
k so. If the right angle, says Legendre^ be termed 1, , all 

angles 
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angles will be mere numbers, and of course C as a number 
may be legitimately determined by 



It is here strangely forgotten that the equation right angle = 1 
is merely symbolical' or abbreviatory, and can hold only when 
angles are compared together: whereas C in the foregoing 
equation is not determined to be a jpart of the unit *which re-- 
jyresenis R, but of the abstract unit which measures the ratio 

To show the difficulties to which the French geometers 

seem reduced in their attempts to gloss over this curious piece 
of reasoning, let us quote one sentence from Maurice’s dis- 
sertation. After speaking of the trigonometrical C(][tiation 


cos C = 



£1 


a 


as derived from 


C =1 $ ((7, 6, c) 


he says : Now this example is not, as might at first sight be 
supposed, at variance with the principles here laid down. If 
the angular unit, though not affecting all the terms, has dis- 
appeared, the reason is, that the proposed equation turns out 
to establish that a certain function of the sides of a triangle is 
a function of one of its angles : and as this latter function may 
be transcendental, and consequently equal to the cosine of 
the arc which corresponds to that angle, it follows that just 

as we have the general relation angle = so also M e 

have a certain cosine (and evei*y cosine must be an abstract 
number) equal to a certain algebraical function of the ratios 
between the sides.” This paragraph has certainly the merit 
of mystifying the subject considerably. Upon analysing it, 
however, we find it composed of two assertions. Maurice 
first states that the functional equation may give a transcen- 
dental function of tlie angle equal to a function of the ratios 
of the sides ; and that this transcendental function may be a 
number, or, as it is, the cosine. This is singularly at variance 
with another part of his paper, in which he rightly asserts that 
no unit can disappear, excepting by division, by itself. Here, 
however, an angular unit disappears without division; and 
Maurice accounts for it merely oy stating that it does so ! 

These reiparks, brief as they are, will, I hope, sufficiently 
show the highly objfectionable character of the manner in 
M^hich one party in the controversy would distinguish betwixt 

the 
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the two cases. We are not prepared, however, to follow 
Mr. Leslie in his entire rejection of this application of analysis. 
It seems to us, on the other band, that tne equation furnished 
by superposition or experiment ought to contain all the truths 
which are deduced from the same experiment by geometrical 
reasoning. We are accordingly rather inclined to search for 
the cause of tlie difficulties that have startled us, in some im- 
perfection in the mode of expressing or of treating the equa- 
tions. That imperfection seems to me to be a deficiency in 
the original equation as given by Legendre. Superposition 
does not inform him that the vertical angle is determined by 
the base Imd its adjacent angles alone ^ — ^but merely that it will 
be constant if they are constant ; and hence that it must be 
determined by these variables and constants alone. Noting 
these constants by y, the original equation becomes 
C = ^ (c, A, B, y) 

The distinction drawn by Legendre, &c. betwixt lines and 
angles, will furnish us with the analysis of y. It must, if any 
quantity at all, be composed either of constant lines or con- 
stant angles. It cannot be composed of constant lines, for 
there are no such quantities in existence. But there is a con- 
stant angle ; y may therefore be a function of the right ai^le. 
It is not therefore a linear, but an angular magnitude. This 
is enough to entitle us to reject the foregoing equation as im- 
possible, and to adopt as the true one 
C s= ^ (A, B, y) 

It is likewise enough to show that C cannot be rejected from 
Mr. Leslie’s equation, which dien becomes 



ns it ought to be. 

It Baron Maurice will return to the subject mul contem- 
plate it under this aspect, he will find, I trust, all difliculties 
dismissed, and instead of the puzzling equations 

cos C = C 


he will have 


and angle = 


radius 


and 


cos C = C -r 

~ ri] 


ight angle 
angle arc 


right angle radius 


expressions in as complete accordance as he could wish with 
the universal law of homogeneity. 

I meant to have taken this opportunity to make some ob- 
servations 
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servations on Mr. Leslie’s method of investigating tlie theorem 
of the composition of forces, which is remarked upon with 
some severity by Dis-Iota : but I have likely enough already 
written more than many of your readers will bear with. You 
shall probably again hear from me. 

January 19, 1825. 2. 


XVII. Anexv bmoTy AiTangement of t/ie'Bmchyurous Crustacea. 
By A. H. Haworth, Esq.^^ ¥ell(m of theLirmcean and Horti-- 
cultural Societies of London^ and of the Imperial Natural 
History Society of Moscow^ S^c. 8^c. 

To the Editors of the Philosophical Magazine and JournaL 
Gentlemen, 

^JINCE you published the natural distribution of animated 
^ nature, on a new binary or dichotomous plan, in your 
Journal of October 1823, and which plan I now acknowledge to 
be rny own, I have assiduously followed up that mode of ar- 
rangement; and I continue to find that it actually brings to- 
gether the most closely allied productions of nature, not only 
more easily, but more naturally and more certainly than 
any other I have yet observed — I mean at least as far as I have 
tried it ; although its various groups fall far’ less frequently 
into fives than 1 had at first expected. 

In support of these remarks I send you hereunder a con- 
tinuation of one of the branches (tlie Crabs) of my last table ; 
or, to speak more in the language of modern writers, the 
Brachyw'ous Crustacea of the most recent authors on this in- 
tricate branch of natural science. 

This present table extends no further than to the published 

f enera (on this subject) of Lamarck, Latreille, Leach, and 
)esmarest ; but it is quite capable of extension to the remotest 
species or most trivial variety that can ever occur. 

Hoping that this little communication may find admission 
into your next Magazine, 

I remain, gentlemen. 

Yours, &c. 

Queen’s Elm, Chelsea, Nov. 19, 1824. A. H. Haworth. 

P.S. The genet^ic names in the table are always in italics^ to 
distinguish them promptly from all others. 


Vol. 65. No. 322. Feh. 1825. 
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CRUSTACEORUM 

CONSPECTUS DICHOTOMUS. 


r3Srat|)vura. 

1 pNATATpWA. 


I 


r-LATIREMATA. 

L|-Pnjiina:itAT*.— Po/jyWia, Matuta. 

'-BnSMATA. 

l-Radiiformia (Shuttle Crabs). — Lvpa, Podoptiahm. 

^ANG VSTIREMA TA.— Portummu, Carcinut. 

Lcursoria. 

rROTUNDATA. 

tArcuata. 

Lj-Conclitipedes . — CalappUy Oethra, 

•-Inconditipedcs. 

LpEciliata . — HepaluSy Cancery Xanthoy Pirimelay Pilnmnus, 
•“Ciliicornes . — Aitelecydusy Tim, 

LOrbiculata. 
pTndomitata. 

pSphffiroiden. 

I pGenuina. 


I 


L 




■H H. 


MyrUy Iliay Arcaiiia, Iphis. 


LCrucigera . — Xurmy Ebalia. 

1 

^-Horizontal ia.— /jrff. , 

t-Tnrgida . — Gecarcmus 

LDomitata.— 


LANGULATA. 

i-Deprrssa. 

L r-Dorsipedata . — thnppCy Ifmolay Dromia*f? 
LThoracipcdata. 

I js-Penicillata.— Graham, PfogMiiflf. 

M Qmdratii.-^ OcypothyGonoplaxy UcayEnphtUy 
L Thelphm, 

^Rostrata. 

L ^Foveata . — Parihenipey Lambrm, 


pValidipedcs. 

h-Spuriipe<ics. — Lithodes (dua species). 
'-Comniunipedes. 

I pSpimfrontes. — Eurynomcy Midppa, 
M Maitty Pisa, LUsa, 

I Emai^natifrontes., — HytUy Mithraxy 
^ Libmay Docleut, 

LTenuipedcs. 

I rFiss\TOitre 9 .~^InachuSyAckauSy Macropodiay 
M ASgeria, 

^ntegeBL,—LeptopQ^a, Pactolm. 

L;^8(rur9^ (to i* ww/MMwrf.) 

* ** Genus dabit characterenvnec character Genus." 
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XVIII. Comparison of Mr. Ivor\^s Table of R^actions^ 
Philosophical Transactions 1824, with Dr. Bradley’s Olh- 
servations published in M.lE^EssiEifH PundamentaAstronomice^ 
pp. 53, 54. By J. Ivory, JB^j. P.B.S. 

[In the paper on the Least Squares, the words “ relatively to every error, 
and an absolute maximum relatively to all the errors’* occur in the be« 
ginning of No. 2; for which read relatively to ever^ variable in the errors, 
and an absolute maximum relatively to all the variables.” And the same 
words must be corrected in the same manner when they occur immediately 
below in speaking of the minima of 

^T^HE annexed table shows the errors of my refractions 
^ when compared with the observations of Dr. Bradley 
cited above. In the six last stars the mean of the observa- 
tions recorded by M. Bessel is taken. In the calculations the 
temperature of the air is estimated by the exterior thermome- 
ter, and the barometer is reduced to the standard by means 
of the interior thermometer. When the interior thermome- 
ter is not set down in M. Bessel’s table, it is taken 5^ higher 
than the exterior one. 

It appears from this comparison that the errors of my table 
are very small when the zenith-distance does not exceed 88^^: 
but when the altitude is less than the errors increase Sud- 
denly, and are all in defect. The same conclusion is con- 
firmed by other computations which I have seen. 

It must be observed, that in the construction of my table 
no assumption has been madef.fer the horizontal refraction. 
The theory requires us to know only the quantity that mea- 
sures the refractive power of air, and the gradation of heat in 
the atmosphere. The horizontal refraction obtained in this 
manner from theory alone is 26" greater than what the French 
astronomers make it, and much less than the magnitude which 
the observations of M. Besseh seem to indicate. As my re- 
fractions agree with nature to so great an extent from the 
zenith, it seems reasonable to infer that the mean condition of 
the atmosphere, beyond the influence of the earth and while 
the aerial fluid is at liberty to arrange itself in equilibrio by 
its own inherent powers, is represented with tolerable accu- 
racy. But in the neighbourhood of the horizon the ex- 
traneous heat and moisture emanating from the earth must 
derange the regular disposition which the strata of air would 
otherwise assume; and to this cause, for which no allowauce 
is made in the theory, we must ascribe the sudden deviation 
of the theorjqtical refractions from those observed. 

I have no other intention in publishing this comparison, 

O 2 than 
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than to be able to refer to it afterwardfj in treating of the con- 
stitution of the atmosphere. 

Februiio',8, 1885. James Ivory. 



XIX. Analysis of the Water of the Rio Vinagre, in the Andes 
^'Popayan, by M. Mariano de Rivero ; -with geognostic 
and physical Illustrations of some Phtenoniena -which are ex- 
hibited by Sulphur, Sulphuretted Hydrogen, and Water, in 
Volcanos. By M. A. de Humboldt. 

\ Extract of a Letter dated the %th October 1823.] 

“TN compliance with tl>e desire of M. de Humboldt, I pro- 
cured some of the water of Rio Vinagre. It was sent to 
me by M. Torres, who takes an interest in all that can con- 
tribute to scientiHc rcse.'irches. This water has yielded per 

liti’e: 
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litre; sulphuric acid, 1*080; muriatic acid, 0*184; alumine, 
0.240; lime, 0.160; and some indications of iron*. The 
presence of muriatic acid confirms the observations made on 
the vapours and the stony productions of Vesuvius and of se- 
veral other volcanos.” Rivero. 


I had made known, at the time of my return from America, 
the presence of the sulphuric and muriatic acids in the water 
of the Rio Vinagre, which the aborigines call Pusanibio (See 
Views of the Cordilleras, and Monuments of the People of 
America, vol. ii. p. 1 66 ; Barometric Levelling of the Andes, 
No. 126; Caldas^ Sarnanario del Nuevo Ileyno de Gi'anada^ 
t. i. p. 265); but not being furnished with the salts of barytes, 
I had engaged MM. Rivero and Boussingault, when they 
departed for Bogota, to verify these facts. 1 iie analysis, whicn 
we owe to one of these expert chemists, is the first which has 
been attempted on the water of the Rio Vinagre. I shall give 
some extracts from tlie journal of my travels, in great part still 
unpublished, explanatory of the local circum-stances. 

The town of Popa3’an is situated in the beautiful valley of 
the Rio Cauca, on the Bogota road to Quito, at the foot of 
the two great volcanos of Purac4 and Sotara. These volca- 
nos, almost extinct, and exhibiting only the phsenomena of 
solfataras, form part of the central chain of the Andes of New 
Granada. At 1® 55' and 2° 20' of north latitude, the grou^ 
of mountains which incloses the sources of the Magdalena is 
divided into three branches, of which the eastern is continued 
towards Timana and the Nevados of Chita and of Merida ; 
the intermediate and central one towards the Paramos of 
Guanacas and of Quimdiii ; the western towards the platini- 
lerous district of the Choco and the isthmus of Panama. In 
ascending from the town of Popayan to the summit of the 
volcano of Purace, M. Bompland and I found at the height 
of 8672 feet a little plain (Lland del Corazon), inhabited oy 
])oor Indian husbandmen. Hiis plain is separated from the 
rest of the acclivity, with which it would otherwise be con- 
tinuous, by two ravines extremely deep: it is at the ed^e of 
these precipices that the village of Puracd is built. Springs 
rise every where from the trachytic rock ; each garden is sur- 

* It cannot be doubted that the indications arc hy grammes and fractions 
of grammes : a litre of the water of the Rio Vinagre includes 1‘080 gramme 
of siiphuric acid and 0*184 gramme of muriatic acid. This proportion 
of sulphuric acid, is nevertheless very sensible to the taste^ and is mani* 
fested by an abundant precipitate with the salt's of barytes. 

[The litre being 2*1 13 pints, the contents of the water in English grains 
will be as follo^^: sulphuric acid 16*68; muriatic acid 2*84; alumine 
3*7; lime 2 * 47 . -Ejdit.] 

rounded 
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rounded with a quickset hedge of najrow-Ieaved euphorbium 
{lechero) of the most delicate green. This beautiful verdure 
contrasts in a striking manner with the back-ground of black 
and aiid mountains which surround the volcano, and which 
are rent by the effects of the earthquakes. 

The site of the village is celebrated in the country on account 
of three beautiful cascades {choreras) of the river of Pusambio, 
whose water is acid, and which the people, who know no other 
acid than vinegar, call Rio Vtnagre^ sometimes Gran VinagrCk 
This river takes its rise at the height of nearly 10,871 feet, in 
a very inaccessible spot: Although the temperature of the 
water be little different in the lower cascades from that of the 
surrounding atmosphere, it is not less certain that the sources 
of the Rio Pusambio or Vinagre are very hot. This fact was 
attested to me by the natives and by the missionary of the 
village of Purac6. In going to the summit of the volcano I 
saw a column of smoke rise at the place where tlie acid waters 
make their appearance. I have drawn the second of the falls 
of the Vinagre (plate xxx. of the Views of the Cordilleras) : 
the water, which opens itself a passage across a cavern, is 
precipitated moi*e than 383 feet in depth. The fall has a very 
picturesque effect; but the inhabitants of Popayan would be 
better pleased if the river, instead of throwing itself into the 
Rio Cauca, became engulfed in some other crevice ; for such 
is the delicacy of constitution of animals which breathe by 
gills, and which absorb the oxygen dissolved in the water, that 
Uie Cauca during a course of four leagues is destitute of fish, 
on account of the mixture of its waters with those of the Rio 
Vinagre*, which are charged both with oxide of iron and with 
sulphuric and muriatic acid. After staying a considerable 
time on the craggy wall of rock which borders the cascade, 
a pricking sensation is felt in the eyes from the minute spray 
in the atmosphere. Fish re-appear in the Rio Cauca at the 
point where it becomes enlarged by the influx of the Pinda- 
mon and of the Palac6f. 

A little to the north of the sources of the Pusambio rise 
two other rivulets charged in like manner 'with free sulphuric 
acid, w’hich the people call the Little Vinegars (/os dos Vmagj es 
chicos) : they throw themselves into the Rio de San Francisco, 
which is itsdf but a tributary of the Gran Vinagre. During 
my stay at Pop^an, it was an opinion generally received 
that aU these acia waters contained some iron dissolved by a 

* M. Caldas has even attributed to this mixture^ doubtless with little 
reason, the absence of goitres in the vidley of Rio Semamrio, t. i. 

p.^5. See my Memoir on the Goitres in the Cordilleras.— 

Jour, de Physiol, t. iv. p. 109.) t Journal de Physique^ t. Ixti. p. 61. 

great 
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E eat quantity of carbonic acid. When it was merely remenr- 
red that the sources of the Vinagre are very hot, this opinion 
ouglit to have been abandoned. I boiled some water taken 
from the cascade ; and I found, after the ebullition, the same 
acid taste and the same precipitates as in the unboiled water. 
At this period I had very few re-agents left. 

The^ nitrate of silver* gave a white and milky precipitate, 
indicating the presence of muriates. The presence of iron was 
shown by the prussiate of lime, that of lime by the oxalate of 
potash. When the water was weighed with great care in the 
office of the mint of Popayan, the weight of an equal quantity 
of the water of the Vinagre was. found to be to that of distilled 
water as 2735^ gr. to 2731 gr.; that is to say, that the specific 
gravity of the water of the cascade was 1,0015. 

The waters which I describe, and of which M. Rivero has 
given the first analysis, must not be confounded with those of 
the two snhteiraneous lakes which we have found nCar the sum- 
mit of the volcano; one is 14,356 feet high, the other, above 
the snows, 15,475 feet. This volcano ofPurac4 is a dome of 
semivitreous trachyte, of a blueish grey and having a conchoidal 
fracture. It does not present a great crater at its summit, 
but several little mouths. It differs very much from the 
neighbouring volcano, the Sotar^ which is of a conical form^ 
ana which has thrown out an immense quantity of obsidians. 
These masses, covering the plains of Julumito, are balls or 
tears of obsidian, the surface of which is often tubercular. 
They present, what I have seen nowhere else in the two hemi- 
spheres, all the shades of colour, from deep black to that of an 
artificial glass entirely colourless. It may appear surprising 
to see that this deprivation of colour has not been accompanied 
by any inflation or porosity The obsidians of Sotara are 
mixed with fragments of enamel which resemble the porcelain 
of Reaumur, and adhering to which I have found masses of 
felspar which have resistea fusion. 

Here, as in the Andes of Quito, as at Mexico and at the 
Canary Islands, the system of basaltic rocks lies far from the 
trachytes which form the volcanos of Purace and of Soltara. 
The basalts of the Tetilla of Julumito belong only to the left 
bank of the Cauca. They rise' from transition porphyries free 
from augite, containing some hornblende, a very little quartz 
in small crystals embedded in the mass, and a felsimr which 
passes from the common to the vitreous variety. This por- 

* The conjoint presence of the sulphuric and muriatic acids has also 
been observed by M. Vauquelin in the water which M, Leschenault had 
taken from the crater-lake of Mount Idienne in Java {Journal de 
sique, t. Ixv. p. 406.) See Phil. Mag, vol. xHi. pp. 126, 182. 

jdiyry 
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phyry is covered, near to Los Serillos, with a blackisli-gray 
lime-s^one traversed by veins of carbonate of lime, and so much 
overcharged with carbon that in some parts it stains the fingers 
like an aluminous schist, or like the lydian * stone of Stee- 
ben in the Fichtelgebirge. The trachytic dome of Purace 
which gives birth to the Tittle river of sulphuric acid, rises out 
of a porphyritic syenite (with common felspar), which in its 
turn is superposed on transition granite abounding in mica. 
.This observation f, very important for the position of volcanic 
rocks, may be made near to Santa Barbai*a in ascending from 
Popayan to the village of Purace. The volcano, like the. most 
part of the great volcanos of. the Andes, preseirts layers or 
mantles of melted stony matter, not real currents of lava. 
Some fragments of granular limestone, probably magnesian, 
which 1 mund at more than 12,790 feet high, seem to have 
been thrown up through crevices which have since become 
closed. They are like those of the Fosso Grande of Vesuvius, 
which owe their granular texture to volcanic fire. It is. not 
^ssible to go on horseback further than the cascades of the 
Rio Vinagre. From thence we were eight hours in mounting 
on foot to the summit of the volcano and in descending from 
it. .Tlie weather was dreadful ; snow and hail fell. 1 bad a 
^eat deal of difficulty in lighting the^ tinder at the point of 
.Uie conductor of Volta^s electrometer ; the balls of elder-pith 
separated from 5 to 6 lines, and the electricity passed often 
from positive to negative without there being any other symp- 
tom of storm ; for tliunder and lightning are (according to my 
experience) generally very rare when we are above 12,800 or 
1 4,000 feet high. The hail was white j:; the hailstones, from 
five to seven lines in diameter, composed of layers varying in 
translucency. They were not only much flattened towards the 
poles, but so much increased in their equatorial diameter, 
that rings of ice separated themselves on the least shock. I 


* M. Vauquelin has recently proved by a direct analysis the presence 
of carbon in the purest lydian stones. I had found, in a series or experi- 
ments made on tne galvanic exciters in 1798, that the lydian stones of the 
transition schists of Steeben produced jointly with zinc the same effect as 
graphite or carburet of iron. 1 have since made some trials to prove che- 
mically the presence of carbon in several varieties of lydian stone.— See 
my Experiments on the Nervous and Muscular Fibre (in German), t. ii. 
pp. 163. 

f See an account of the whole of these phenomena of the volcanos of 
Popayan in my Etsai sur le Gisement des Roches, 1823, pp, 129, 139, 340. 

J 1 have already remarked elsewhere in thc>inn. dcChimie,t\\Sit at Paramo 
de Guanacas, where the road from Bog5ta to Popaynn passes to the height 
of 14,700 feet, there has been seen fall, not snow, but red hail. Did it inclose 
those same germs of vegetable organization which have been discovered 
above the polar circle ? 
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had already twice observed and described this phsenomenpn, in 
the mountains ofBareuth, and netir Cracow, during a journey in 
Poland. Can it be admitted that the successive layers which are 
added to the central nucleus are in a state of fluidity so great that 
the rotary motion can cause the flattening of the spheroids? 

When the barometer indicated that we were come very near 
the limit of perpetual snow, we found the masses of sulphur 
disseminated in imperfectly columnar trachylic rocks aug- 
mented. This phaenomenon struck me the more, as 1 knew 
how rare sulphur is on the sides of inflamed volcanos : — a co- 
lumn of yellowish smoke and a frightful noise informed us of 
the neighbourhood of one of the mouths {bocas) of the volca- 
no. We had some trouble to approach its edge ; the declivity 
of the mountain being very steep, and the crevices only covered 
by a crust of sulphur, of whose thickness we were ignorant. We 
believed we might rate the extent of this crust, iraich is often 
interrupted by rocks, at more than 12,000 square feet. These 
little ridges of trachy tic rocks act strongly on the magnet. I tried 
to keep at as much distance from them as possible, to determine 
the inclination of the needle. It was at the town of Popayan 
(height 5825 English feet) 23%05, centesimal division; at the 
vilIageofPurac6( height 8671 feet) 21®, 81; near the summit of 
the volcano of Purace ^height 14,542 feet) 20^,85. The in- 
tensity of the magnetic force varied very little at Popayan and 
at the village of Purac6; and the diminution of the inclination 
is certainly not the effect of the height, as is proved by so 
many other observations which 1 have made on the summit of 
the Andes, but the eflTect of local attractions depending on 
certain centres of action in the trachytes. 

The mouth of the volcano of Purace is a perpendicular 
cleft, the visible opening of which is only 6 feet long and 3 
broad. It is covered in form of a vault by a layer of very 
pure sulphur, which is 18 inchei thick, and v,hich the force of 
the elastic vapours has split on th^ north side. At the distance 
of 1 2 feet from the mouth we felt an agreeable heat. The cen- 
tigrade thermometer, which bad kept till then at 6®, 2 (43® F.) 
(a cold not at all considerable in a time of hail, and at a height of 
14,356 feet), rose to 15® (61® F.). Placed in such a manner as 
not to be incommoded fay the vapours, we had the pleasure of 
drying our clothes. The frightful noise which is heard near 
this opening has almost always the same intensity : it can 
only be compared to that which would be caused by several 
Steam-engines together, were the dense steam suffered to 
escape from all at the same moment. We threw great stones 
into the crevice, and we discovered on this occasion that the 
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opening communicated with a basin fUll of boiling water. 
The vapours which escape with so much violence are of the 
sulphurous acid, which is indicated by their suffocating smell. 
We shall soon see that the water ot the subterraneous lake 
is charged with sulphuretted hydromn ; but the odour of this 
gas is not smelt at the summit ot the volcano, because it i^ 
disguised by the much stronger smell of the sulphurous acid 
vapduts. 1 had not any means of determining die tempera- 
ture of these vapours, which seem to undergo a prodigiously 
strong pressure in the interior of the volcano. As the Indians 
|»retand"that the opening has several compartments which are 
not nil filled with water, and that the noise which is heard at 
thnes in the interior of the crevice is the forerunner of flames, 
1 introduced, by means of a long pole, some papers coloured 
with the tincture of violet, under the vault, where I could be 
sure of not touching the surface of the water. Drawing back 
the pole, I found the papers strongly reddened, but not at all 
inflamed, as was easy to be foreseen. 

We succeeded after several vain attempts in obtaining some 
water from the crevice : thistwas by U'ing a tutxma (the fruit of 
the Crescentia Cujete) to a stick 8 feet long. The water was 
directly poured into a bottle hermetically stopped. We ex- 
amined It on our return to the village of Purac^ : it exhaled a 
stronjg smell of sulphuretted hydrogen ; it had no acid taste, 
but some weak precipitates caused by the nitrate of silver- 
showed the presence of muriatic acid. The crust of sulphur 
which forms above the mouth arises witliout doubt from the 
contact of the vapours of sulphurous acid with the sulphuretted 
hydrogen which the subterraneous lake disengages. Even the 
water of this lake is covered with a coat of smphur, which dis- 
appeared in the places where we threw the stones. It results 
from these observations, that only the presence of the muriatic 
acid, or of combinatiohs of this acid with salifiable bases, indi- 
eatfe a feeble analogy between the waters of Rio Vinagre and 
those of the lakes. Ibe first, which spring lUuch lower, at the 
declivity of die volcano of Purac^, are charged with free sul- 
phuric acid: the others, which are found at the summit of the 
irblcano, contain sulphuretted hydrogen. As the upper mouths 
are found at very different heights ^ove the level of the sea, 
it may be supposed that their subterraneous waters are* owing 
to the fiielting of the snows, and that they do not communicate. 
The Rio Vinagre receives its acid in the interior of a volcano 
which abounds in sulphur, and the temperature of which ap- 
pears extremely elevated, -although for centuries no luminous 
phmnomehmi has been perceived at its summit. 
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The good curate of the village of Purac^ thought to render 
a great service to his parishioners, as well as to the inhabitants 
of the town of Popayan, in causing, as he said, the chimneys 
qf thc volcano to be cleaned now and then. He ordered tne 
Indians to take away the crust of sulphur which rises in form 
of a dome above the crevice. This crust has acquired some- 
times, as they affirm, a thickness of as much as four feet in . 
less than two years. It lessens without doubt the opening by 
which the vapours of sulphurous acid escape ; but it may be 
conceived that the elastic force of these vapours is such that, 
if the opening were entirely stopped up for some moments, 
it would sooner break the new arch than produce commotions 
by acting against the rocky sides of the volcano. For several 
years the lakes, which represent in miniature the crater^lakes 
of our extinguished volcanos, seem each to preserve the same 
level of their line of water; which proves that the evaporation 
is equal to the infiltration of tlie waters of snow and rain : 
but this equilibrium has not always been equally steady. 
About the year 1790 the Boca grande cowseA partial inun- 
dations. 1 dwell on this phienomenon, because it seems to 
throw some light on a problem of the geology of volca^ 
nos, which has not been sufficiently examined : 1 mean the 
ejections of water and mud. At Vesuvius these ejections 
are only apparent, and come neither from the interior of the 
crater nor from the lateral crevices. An immense electric 
tension manifests itself in the atmosphere which surrounds 
the summit of the volcano at the time of great eruptions. 
Flashes of lightning cleave the air; the aqueous vapours 
thrown out by the crater are cooled ; thick clouds envelop the 
summit during tlie continuance of this storm, confined to a 
little space; the water descends in torrents, and is mixed with 
the tufaceous substances which it drags with it*. These ef- 
fects, purely meteorological, have given rise to tlie traditions 
about boiling waters that issued from the crater of Vesuvius 

* M. dc la Condamine {Mhnoirei de VAcadkmie 17^4, p. 18) had already 
expressed very precise ideas on the cause of these phsenomena, which are 
found equally well explained in the StoriadeW incendio del 1737, published 
by the Academy of Naples. I saw in my last journey to Naples, (December 
IS22,) the ravaees caused by the torrents of water from the side of Ottajano, 
at the foot of Vesuvius. They had transported into the plain, not only 
mud, but masises of lava 48 feet in drcumference and 25 feet high. See 
the excellent description of these pheenoraena by MM. Monticelli and 
Covelli.* (Storia dfil Vesuvio degH anni 1821 — 1823, p. 91—98.) Phil. 
Mag. vol. Ixiii. p. 46. By the mixture of the rain and the volcanic cin- 
ders, there is formed in the air (/. c. p. 94) a kind of pisolites with concen- 
tric layers, whkh I also found on the plain of Hambato, among the ancient 
ejections of the Carguairazo. The inhabitants of the province of Quito 
call these pisolites earth hailstones. 
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in 1661 ; fabulous traditicms, which are perpetuated by an in- 
scription at Portici. 

In the volcanos of the Andes which exceed the limit of per- 
petual snow, the causes of inundations are very different from 
those which we have just indicated. As the eruptions of 
these colossal summits take place only after long intervals 
(every thirty or forty years, or still more rarely), banks of snow 
of an enormous thickness accumulate on the sides of the moun- 
tains. These snows do not melt at the time of the explosion 
only, but sometimes several days before. Thus in February 
1803, during my stay at Guayaquil, the inhabitants of the 
province of Quito were frightened at the appearance of the 
cone of Cotopaxi, which lost a great part , of its snows in 
a single night, and showed plainly the black colour of its 
burnt rocks. Whatever idea may be formed of the power 
of the volcanic forces, and of the intensity of the subterraneous 
fires in the Andes, it cannot be admitted that the thick sides 
of a cone could be uniformly warmed, and transmit the heat 
with such rapidity (by the condiictibility of their mass) to the 
outside. The sudden melting of the snows, when, in the Cor- 
dilleras, it precedes the eruptions, is probably owing only to 
an infinity of little fumaroles which disengage hot vapours 
through tne fissured rock of the cone. These vapours, accord- 
ing to what I have had opportunity of observing in the cra- 
ters of Vesuvius, the Peak of TeneriflTe, and the volcano of 
Jorullo in Mexico, are must frequently pure water, which 
does not act at all on the most sensible re-agents ; at other 
times they contain muriatic acid. It is remarked that the 
same crevice gives, at very near epochs, distilled (pure) water 
and very acid waters. The artificial spring which M. Gim- 
bernat has had the ingenious idea of forming at the sum- 
mit of Vesuvius, by the condensation of the vapours in a glass 
tube, has sometimes shown these variations : they prove either 
tlie change of chemical action in the interior of the volcano, 
or the accidental opening of some new communications. In 
the Andes of Quito, as in Iceland, and in the eruptions of 
^tna of March 23, 1536, and March 6, 1755, the sudden 
melting of the banks of snow produced great devastations*. 

At other times, by slow infiltrations the snow waters are ac- 
cumulated in the lateral cavities of the volcano ; shocks of 
violent earthquakes, which do not always coincide with the 
epoch of the fiery eruptions, open these cavities ; and waters 
long kept in, which support little fish of the genus Pimelodes^ 
carry with them pulverized trachytes, pumice-stones, tufas, 

• Ferrara, Campi Fh’grei, 1810, p. 165,— Idem, Detcriz. deW Elna^ 1818, 
p. 89, 116-120, 
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and other incoherent matter^. These liquid ejections spread 
sterility over the plains for centuries. Muddy clays {lodazales) 
covered a space of more than four square leagues, when, in 
the night of the 19th of June 1698, the Peak of Carguai- 
razo, the actual height of which exceeds 15,700 feet, sunk 
down with a noise. The lakes of sulphureous water that we 
found at the summit of Purace, explain what the inhabit- 
ants of Quito report of the fetid smell of the waters which de- 
scend sometimes from the sides of the volcanos during great 
eruptions. Struck with the novelty of these phenomena, 
which we only mention here, the Spanish Conquistadot'eshave^ 
since the sixteenth century, distinguished two sorts of volca- 
noes, — the fre volcanos and the voatei* volcanos {volcanes 
fuegoy de agua). This last denomination, which one might 
say was invented to bring near to each other the volcanists and 
the neptunists^ and to put an end to the famous schism of 
dogmatical geology, has been applied especially to the moun- 
tains of Guatimala and of the Archipelago of the Philippines* 
The Volcan de placed between the volcano of Guatimala* 

and that of Pocaya, ruined, by torrents of water and stones 
which it sent forth the 11th of September 154*1, the towm of 
Almofenga, which is the ancient capital of the country. This 
mountain does not attain the limit of perpetual snow, but it 
remains covered with snow several months of the year. When 
we call to mind the confusion of the accounts that are found 
in our own days in the public papers of Europe, every timei 
that AEtna or Vesuvius are in action, we cannot complain of 
the uncertainty in which the chroniclers of Spanish America 
and xheCmiquistadoresof the sixteenth century leave us respect- 
ing the phaenomenaof volcanic inundations^ so worthy of enga- 
ging the attention of natural philosophers. During the eruption 
of -®tna in 1792, there opened on the declivity of the volcano, 
3 miles from the crater, a gulff from which issued for se- 
veral weeks water mixed with ashes, scoriae, and clays. These 
liquid ejections, which must not be confounded with the phae- 

♦ Juarros, Compendio de la Hutoria de Guaiemalny 1 809, t, i. p. 72 j t. ii. 
p. 351.— Rcmesal, Hist, de la Provincia de San-Vicentcj, lib. iv. cap. 6. — 
Also in tlie great eruption of the volcano of the province of Sinano in 
Japan (July 27, 1783), boiling waters were mixed with the rapiUi,{Memoire 
sur'la l)pnastie regnante des Djogouns, 1820, p. 182.) 

Ferrara^ Descr, deW^ Etnoy p. 132. As this phasnomenon seems to 
have some relation to that of the Moya de Pelileoy which contains the carbu- 
rets of hydrogen, and which 1 made known at my return from America, I 
obtained very lately an explanatory manuscript note from the learned Si- 
cilian geoIogHt, M. Ferrara, on the muddy eruption of iEtna observed 
March 25, 1792. 
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nomenon of the Salses'^i or air volcanos^ were very thick. 
It is easily conceivable that, in the equinoctial zone, even very 
low mountains may by a particular disposition of their sul> 
terraneous cavities, and by the excessive abundance of the 
tropical rains, be subject to cause frightful inundations each 
time that they undergo shocks of earthquakes. Furthermore, 
the phfenomena which we have been describing are repeated 
from time to time far from the volcanos, in secondary moun- 
tains, in the centre of Europe. Sad examples have proved 
in our days that in the Alps of Switzerland, where no shocks 
pf earthouakes are felt, a simple hydrostatic pressure lifts up 
and breAs with violence banks of rock, throwing them to a 
^eat distance, as if they were projected by elastic forces. 

The trachytes of Purace contain sulphur like those of Mont- 
JDore ill Auvergne, of Budoshegy in Transylvania, of the 
Isle of Montserrat in the Little Antilles, and of the Anti- 
sana in the Andes of Quito. It is still formed daily in the 
clefts around the gulfs of Purace, either by a very slow subli- 
mation, or by the contact of the sulphurous acid vapours 
with the sulphuretted hydrogen of the lake. The volcano la- 
bours in its interior like the solfataras; but it presents nothing 
in its form that resembles the places which are designated by 
that name, and which I have visited ; for example, the solfa-^ 
taras of Puzzuoli, the Peak of Tenerifle, and the volcano 
of Jorullo in Mexico. These last three are craters which 
have vomited lava ; they show that their first state was very 
different to that in which we see them at present. With very 
elevated temperatures, the chemical products of a volcano are 
not the same as with a very low .temperature. If the appella- 
tion solfatara be given indefinitely to every place where sul- 
phur is formed or deposited, this denomination may also be 
applied to a district which 1 shall describe here, and which 
contrasts singularly with the trachytes of volcanos. In cross- 
ing the Cordilleras of the Andes of Quindiu, between the ba- 
sins of the Cauca and of the Magdalena (lat. 4® 50'— 4® 45') 
1 saw an immense formation of gneiss and of micaceous schist 
resting immediately on an ancient granite. The layers of 
micaceous schist which alternate with strata of gneiss are free 
from garnets, whilst the gneiss contains many. But, in these 
same primitive micaceous schists, a little to the west of the 
station the Moral, at the height of 6800 feet above the 
level of the sea, in the Quehrada del Azu fraly some decayed veins 

* There is only the muddy torrent (fume di fango) of Santa-Maria- 
Nascemi (March 18, 1790), in the Val diNoto, which seems to me to belong 
to the action of the Salses. 
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extremely full of crevices abound in sulphur*, and exhale a sul-' 
phiireous vapour, the temperature of which rose to 47^8 cen- 
tesimal (1 F.)> when the surrounding air was at 20®2 (68°F.) 
Here then is repeated on a small scale, in the clefts of a primitive 
rock, the phenomena of the trachy tic solfatara of Budoshegy 
in Transylvania, which has been recently examined by M. 
Boue. The micaceous schist of Quindiu, which surrounds the 
open veinSi is decomposed, and the sulphur is formed in masses' 
considerable enough to become the object of a sulphur-work 
which supports a family settled in the ravine of the Azufral. 
The rock contains some decomposed pyrites; but I much 
doubt whether these pyrites perform the important part in 
nature which has been so long ascribed to them in geological 
treatises. In the midst of the ^anitic rocks of Quindiu rise 
the trachytes of the volcano of Tolima, a truncated cone, which 
reminds us of the form of the Cotopaxi, and which, according 
to a geodesic measurement made by me at the west of Ibagu4, 
is the highest summit of the Andes in the northern hemi- 
sphere f. A rivulet which emits considerably the smell of 
sulphuretted hydrogen descends from the 'Peak of Tolima, 
and proves that the trachytes which have penetrated the 

K itic rocks also contain sulphur. Two learned travellers, 

. Rivero and Boussingault, have recently visited this little 
solfatara in the micaceous schist of Quindiu : they have sent 
some specimens to the cabinet of the Ecole des Mines at Paris, 
which contains the most com})lcte and instructive series of geo- 
ynostic specimens. Following the Cordillera of the Andes south- 
wards, these same alternations of primitive formations and of 
porphyritic and trachy tic regions are found : — but what was my 
surprise, when beyond the equator I ascertained that the cele- 
brated mountain of sulphur of Tiesan (S. lat. 2” lO'), between 
Quito and Cuenca, is neither composed of trachyte, nor of 
chalk or of gypsum, but of micaceous schist. 

This mountain of sulphur, which the Indians call Quello^ is 
situated, according to my barometric measurement, at the 
height of 8000 feet above the level of the ocean. It is entirely 
composed of primitive micaceous schist (glimmerschiefer\ 
which is not even anthracitic, as are the varieties of this rock 
peculiar to transition countries. In some very deep ravines 
between Tiesan and Alausi, the micaceous schist is seen rest- 
ing on gneiss. The sulphur is contained in a stratum of quartz 
which is more than 1200 feet thick: it lies in a tolerably re- 
gular direction N. 18^ E., and inclined like the micaceous 

* See my Barometric and Geognostic Levelling of the Cordilleras, No. 10“;?. 
t Height 18,321 feet; N. lat. 14® 4tr. 
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schist from 70® to 80® to the north-^west. The bed of quartz, 
which passes sometimes into the hornstone, is wrought in an 
open working. The declivity of the Cerro Quello^ on which 
the works were begun som^ centuries since, is opposite to 
the south-south-east; and the bed of quartz appears to be 
prolonged towards the north-north-west, that is to say, to- 
wards the coast of the Pacific Ocean. It is however asserted 
that sulphur has not been found on the surface of the Ground 
in this direction to the distance of 2000 toises from Ticsan. 
All is covered there with a thick vegetation. Towards the 
end of the eighteenth century, masses of sulphur were still 
worked, which were from 2 to 3 feet in diameter. At present 
they are working some quartzose strata much less rich, in 
which the sulphur is only dispersed in nodules from 3 to 4^ 
inches thick. It is observed that the quantity of sulphur in- 
creases with the depth ; but the working has been so unskil- 
fully directed that the lower strata are nearly inaccessible. 
The quartz in which the sulphur is dispersed presents neither 
great fissures nor cavities, or druses; nor have I been able 
to find any specimen of crystallized sulphur. 

The minei’al which is the object of the w’orking of the Cerro 
Qiiello does not form a mass or complication of veins, as might 
be supposed : the sulphur is disseminated without any con- 
tinuity by little masses in the quartz which traverses the mi- 
caceous schist in a direction parallel to its strata. The clefts 
that have perhaps formerly united these masses are no 
longer visible, but all the quartz seems to have undergone 
an extraordinary change. It is tarnished, often brittle, 
and breaks in some parts on the least shock ; which indicates 
an imperceptible cleavage. The temperature of the rock 
did not differ from that of the exterior air. The inha- 
bitants like to attribute the violent earthquakes to which their 
country has been sometimes exposed to concavities which 
they suppose to exist under the mountain of sulphur. If this 
hypothesis be well founded, it must be admitted that the cause 
which it indicates acts but locally. In the great catastrophe 
of the 4th of February 1797, which destroyed so many thou- 
sand Indians in the province of Quito, — the three places where 
there is the most sulphur, the Cerro Quello, the Azufral of 
Cuesaca near to the Villa of Ibarra, and the Machay of Saint- 
Simon, near the volcano of Antisana, were but very feebly 
agitated ; but at a much earlier period there has been ex- 
perienced, even on the bed of quartz which includes the sul- 
phur near Ticsan, an explosion similar to that of a mine. 

The bed of quartz appears at the surface on the two sjdes of 
the little river of Alausi; and facing the Cerro Quello is 

found 
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jfound a little plain, where, in the seventeenth century, was si- 
tuated the village of Ticsan. The ruins of the church of Pueblo 
: Fi^o are sti)l seen. An earthquake wholly locd (for its effects 
,were confined to a very small space of country) made the sur- 
rounding hills sink down; a part of the village sunk; another 
part was thrown into the air, as happened at Riobamba, 
where 1 found the bones of the unfortunate inliabitants of die 
town thrown on the Cerro de la Culca, to a height of several 
hundred feet The Indians of Ticsan who survived this ca- 
.tastrophe constructed dieir habitations more to the north, far 
from the mountain of sulphur whose neighbourhood they 
dreaded. It may be that the coincidence of these phsenomena 
of explosion and of die position (gisement) of a substance easy 
to be converted into elastic vapours has only been accidental : 
but it maybe also that ancient communications with the interior 
of the globe, those upon which is formed by sublimation the 
immense deposit of sulphur, become re-established from time 
to time, and allow the volcanic forces to shake the surface of 
the soiL Near the ruins of Pueblo Viejo of Ticsan I found a 
hill of gypsum lying above the micaceous schist: as this hill is 
not covered by other formations, it is difficult to decide whether 
the gypsum, partly fibrous and mixed with clay, is primitive, 
like that of Val Canaria, or transition, like the gypsum of the 
Tarentaise. 

The abundance of sulphur fai primitive counti*ies Is a very 
important geological fact, in relation to the study of volcanos 
and of rocks through which the subterraneous fire has opened 
itself a passjige. Sefore I had visited the Andes of Quito and 
the mountain of Ticsan, sulphur was known only in the tran- 
sition limestone and gypsum ; in the gypsums, maiies and mu- 
riatiferous clays of secondary countries, and in die rocks ex- 
clusively called volcanic. These different geological situations, 
to which may be added the tertiary districts, very ill explained 
the frequency of the sulphureous vapours exhaled by the 
mouths of the volcanos whbse centre of action was placed (and 
dou^less with propriety) very much below the secondary, and 
intermediate rocks. In proportion as we become acquainted 
with a greater part of the globe we not only see positive geo- 
gnosy, that is to say, the view of the formations and of the geo- 
logical positions, extended; but even geogeny^ or systematic geo- 
gnosy, the conjectural science which investigates the causes of 
phceQpmena, ^gins to be founded on the analogy of more 
certain facts. We may have been struck for some time past 
with the litde masses of native sulphur which are disseminated 
in some metalliferous veins, and which traverse granitic rocks ; 
for example, inSchwarzwald, nearRiepoldsau. The mountain 
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of Ticsan which I have mack known, leaves no fiirther doubt 
respecting the existence of sulphur in the primitive districts. 
It has also been lately found in Brazil, that the chloritic 
^artz £>miation which covers, in the Capitania de Minas 
Oeraes, the primitive cky-slate, contains both gold and sul- 
phur. Laminae of this rock strongly heated bum with a 
blue flame. Near to Villarica, in the district calkd Antonio 
Pereira, a schist, of the same age as that on which is super- 
posed the itacolumite or chloritic quartz, contains a calca- 
reous bed traversed by veins of quartz, which the Baron d*Esch- 
wege (dii^ctor of tlie gold and diamond mines of these coun- 
tries) has found filled with little nodules of pulverulent sulphur. 
All these pbsenomena incre^e in interest, when we reflect that 
this learned geologist, and also another German traveller 
(M. Pohl) incline to the opinion that gold, micaceous iron, dia- 
monds, euclases, platina, and pallacTiiim, which are peculiar 
to the alluvial districts of Brazil, have been derived either from 
the destruction of the great formation of chloritic quartz, or 
from that of a ferruginous bed {itabarite) which is placed above 
this formation. 


X X. Chi the Nature and Properties of' Indigo ; with Directions 
for the Valuation of different Samples. By John Dalton, 
Esq. F.R.S. 

owe the first good approximation to the chemical ana- 
lysis of the indigo of commerce to Bergman. Accord- 
ing to his exixjriments, the best samples of indigo yielded, by 
analysis, the following principles ; 

47 pure indigo 

12 gum 
6 resin 

22 earth 

13 o xide of Iron 
100 

A subsequent analysis of iiuligo made by Chevreul {Annai. 
de Chimie^ t. 68), gives 45 per cent of pure indigo in the l>est 
Guatimala indigo, and the foreign matters mucp tlie same as 
by Berdan, but differing considerably in the proporUons. 
Indeed it is most probable that the foreign matters will be 
found to differ materially, both in quantity and kind, from the 
various modes and circumstances of the manufacture as prac- 
tised in different places, and perhaps from the various species 

* From the Memoirs of the Literary and Philpsopliical Society of Man- 
choster> 

of 
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of plants from which the indigo is extracted in different parts 
of the world. 

It is to be understood that the part called pure indigo is 
the sole colouring matter, and that which gives value to the 
article. The rest may be considered as dross, doing no good, 
and being probably harmless to the use of the drug as a dye, 
but scarcely so to* the printer, who meets with obstructions 
^ou^ in the exercise of his art, without introducing such as 
xmj easily be avoided. 

When we consider, however, that indigo is produced by a 
species of fermentation from vegetable matter, analogous to 
the vinous and acetous fermentation of saccharine matter, it is 
not improbable that the fermentation in many cases may be 
incomplete. And as the foreign matter found in the indigo 
of commerce is chiefly vegetable, and composed of the' same 
elements as pure indigo, it may by a fresh fermentation de- 
velop more of the pure indigo than is found in it originally. 
This conjecture is countenanced by the ))ractice of dyers, who, 
when the indigo is nearly spent, as the phrase is, put in other 
vegetable matter to the residue, and by certain processes ob- 
tain an addition to the quantity of colouring, which otherwise 
would not be acquired. In a similar way I conceive it is that 
vinegar made from sugar often contains a considerable portion 
of the latter, which has escaped the fermenting process;. 

There are two ways of obtaining pure indigo. The one is 
that commonly practised by dyers in their use of the article. 
On a small scale it may be effected as follows: into a two< 
quart bottle put 50 grains of finely pounded indigo, three or 
four times as much sulphate of iron, and hydrate of lime same 
weight as the salt of iron. Then fill the bottle with water, 
leaving little more room, than what the cork or stopper will 
occupy. Mix up the contents by repeated agitation, and then 
let the insoluble matters subside. A fine transparent green- 
ish-yellow liquid will appear in a day or tvro, which must be 
drawn off carefully by a syphon. As soon as this liquid is 
agitated in the air it becomes opaque, and a precipitate is 
formed, which is pure indigo ; but it cannot be collected with- 
out some carbonate of lime in the first instance ; it must there- 
fore be submitted to water acidulated with muriatic acid, which 
dissolves the 'lime, and leaves, the pure indigo to subside. 
Afterwards it may be collected on a filtre and dried. The 
theory of this process is now well understood. Pure indigo, 
deprived of a certain portion of oxygen, is known to be solu- 
ble in lime-water ; the protoxide of iron, precipitated by the 
lime, deprives it of tliis oxygen, and hence the solution of 
the de-oxidized indigo. Such, however, is the affinity of in- 

Q 2 digo 
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digo in this state for oxygen, that it resumes it from atmo^ 
spheric air the moment they are brought into contact 

Pure indigo thus obtained is called precipitated indigo : the 
solution may also be had from a blue-dyer^s vat by plunging 
an empty phial intg the liquid a few inches below the surface. 

The other way of obtaining pure indigo is by sublimation. 
T^e 20 or SO grains of pulverized common indigo and place 
it in an iron spoon, which must be gradually heated to 500^ or 
600® Fahrenheit. A purple smoke will then exhale copiously,^ 
and at the same time a fine tissue of small, shining, silky 
needles will start up on the surface of the indigo. These may 
be withdrawn by the pointof a knife ; they are crystals of sub- 
limed indigo. 

Precipitated and sublimed indigo appear by the chemical 
tests to be constituted of the same elements ; and no doubt is 
entertained that they present the pure colouring matter of 
indigo in its most concentrated form. 

Tnree chemists have published analyses of pure indigo with- 
in the last three yetirs ; namely, Drs. Thomson and Ure, and 
Mr. W. Crum, all of Glasgow. The same plan was adopted 
by all three ; namely, burning a small given portion of indigo 
in contact with the black oxide of copper in green glass tubes. 
Tlie indigo being finely divided and intimate^ diffused 
through a comparatively large portion of the oxiefe, heat is 
applied sufficient to burn the carbon and hydrogen of the in- 
digo, and to liberate the azote : hence from the quantities of 
carbonic acid and azote produced, and the loss of weight which 
the oxide sustains, the constituents of indigo are inferred. The 
results are below ; 

Carbon 
Azote 
Oxygen 
Hyclrogc 


Dr. Thomson. 

Dr, Ure. 

Mr. Crum. 

40-39 — 

71-37 

— 73-22 

13-46 — 

10. 

— 11-26 

46-15 — 

14-25 

— 12-60 

n 0 — 

4-38 

— 2-92 


100 


100 


100 


It is observable that the results of Dr. Ure and Mr. Crum 
present no remarkable differences, except in regard to hydro- 
gen ; whilst Dr. Thomson finds no hydrogen : and remarkable 
difierences between his results and Uiose of the other two are 
found in the articles carbon and oxygen. 

The atomic constitution of indigo by the above authors is as 


follows : Dr. Thomson. 

Carbon 7 atoms 
Oxygen 6 do. 
Azote 1 do. 
Hydroge n 0 do. 
14 


Dr. Ure. Mr. Crum. 

— 16 atoms — 16 atoms 

— 2 dp. — 2 do. 

— 1 do. — 1 do. 

— 6 do. — 4 do. 


I am 
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I am inclined to think the analysis of Mr. Crum as likely 
to be an approximation to the constitution of pure indigo as 
either of tne other two; and 1 should adopt his atomic con* 
stitution, if he would mc^ify it so as to adopt my weight of the 
atom of azote instead of its double, which has somehow got 
into common reception as a substitute without any sufficient 
reason that I can find. If we adopt my weight" for azote, 
Mr. Crum’s atoms will become 16, 2, 2, and 4; which, being 
all divisible by 2, beepme 

8 atoms carbon 
1 atom oxygen 

1 atom azote 

2 atoms hydrogen 

TF 

This simplification of the atom of indigo I suggested to 
Mr. Crum in a conversation we had together, and he seemed 
inclined to adopt it. Referring therefore to my scale of atomic 
numbers, we shall have the atom of pure indigo to consist of 


8 atoms carbon 5*4 = 48*2 75*5 

1 atom oxygen 7=7 ...... 12“3 

1 atom azote 5=5 8*7 

2 atoms hydrogen 1 = 2 3*5 

foo 


Mr. Crum, in his very ingenious essay above referred to, 
finds that a compound ot one atom of indigo and one of water 
may be formed % means of sulphuric acid : he denominates 
xiphenicm; it may perhaps be better designated by the name 
of proto-hydrate of indigo. The common product of sulphuric 
acid and indigo, or sulj^ate of indigo of Dr. Bancroft, he calls 
cerulin^ and finds it to be a compound of one indigo and two 
of water, or the deuto-hydrate of indigo. 

I have made no attempts myself to analyse pure indigo into 
its constituent elements, but have often tried, both recently 
and some years ago, to find the (quantity of oxygen required 
to convert the green indigo solutions in lime-water into blue 
indigo. The results have been pretty uniformly the same-— 
namely, that the oxygen which combined with the green in- 
digo, to convert it to blue, was about one-seventh or one-eighth 
of the whole weight of the resulting indigo; and hence I 
concluded, on the supposition that one atom of oxygen was 
added to one of indigo, that the atom of indigo must weigh 
about 55, or 56; and this conclusion I pointed out to Mr. Crum, 
as corroborating his analysis. The quantity of oxygen re- 
quired was much les^ and of course the weight of the atom 
of indigo was much greater than I had anticipated. 

We 
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We now {iroceed to the consideration of the best means of 
fixing a comparative value upon the different samples of the 
indigo of commerce. After numerous trials I find the method 
first sug^sted byDescroisiile to judge of the strength of oxy- 
muriatic acid to be preferred. The objects indeed are dif- 
ferent) but the opmtions are analogous ; he made use of a 
given solution of indigo to ascertain the comparative strengths 
o£ various solutions containing oxymuriatic acid ; on the ottter 
hand^ I propose to use a solution of oxyipuriatic acid of known 
strength, to compare the relative quantities of pure indigo in 
different samples. 

In the first volume of the Annals of Philosophy (1813) I 
pointed out a safe and easy method of estimating the quantity 
of oxymuriatic acid, in solutions of oxymiiriate cu lime, not by 
solutions of indigo, which must be variable from the cjuality 
of the indigo, but bv solutions of proto-sulphate of iron, 
which can always be obtained of the same strength. I say safe 
and easj^ method, notwithstanding wc are gravely told by one 
professor of chemistry that he had tried the method and 
was nearly killed by it; and another states that he had at- 
tempted to follow my method, but did not succeed. Any person 
who is tolerably skilled in chemical manipulations, and has 
the two liquids, sulphate of iron of a known strength, and 
oxymuHate of lime of a known specific gravity, before him, 
may* determine the strengtli of the oxymuriate in the space of 
five minutes. In this time I found the strength of the oxy- 
muriate of lime used on the present occasion. Having by me 
a solution of proto-sulphate of iron containing eight per cent 
oxide, I took 50 grain measures of it and poured them into a 
wine glass, then 100 of the oxymuriate, stirring the mixture, 
alter which no smell was perceived;’ 100 more were poured 
in, still no smell; then dropped in ten grains at a time by a 
dropping tube, stirring the mixture each time; tlie fifth 10 
grams produced a slight but transient smell; the sixth a 
strong and permanent smell. Hence 250 were required to 
saturate 50 of the sulphate. The oxide (four grains) being 
divided by nine, gives *444 for the weight of oxygen in 250 
oxymiiriate, or *17 parts of a grain of oxygen are imparted by 
each 'buodr^ of the liquid. 

In the essay above referred to I mentioned another method 
of investigating the value of oxymuriate of lime solution ; 
but, owing to the then prevailing erroneous notion on the 
proporticai of the elements of nitric acid, no satisfactory ap- 
plication could be made of it. I now find that oxymuriate of 
lime converts nitrous gas into nitric acid immediately ; and 
hence this operation may be used with great elegance and 

precision 
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precisicAi to show the real quantity of oxymuriatic acid in so- 
lutionsk 

For example : I took a graduated tube cS capacity equal to 
SOO grains of water; I filled it with pure nitrous gas, and 
then transferred it to a cup of the liquid oxymuriate, valued 
above by the sulphate of iron. After repeated agitation, co- 
vering the end of the tube carefully wiA my finger, I soon 
had 100 measures.of liquid in the tube : then withdrawing It to 
a cup of water I imitated repeatedly, letting in water each time^ 
instead of oxymuriate of lime, because I was aware that the 
100 measures already in the tube were not saturated. S<mn 
after, the process was at an end, no more nitrous gas being 
absorbed. The 100 measures of the oxymuriate trok 168 
measures of nitrous gas to saturate them. Now deducting one- 
sixteenth of diis for the nitrous gas impregnating the hquid, 
and for loss occasioned by the free oxygen gas m the water 
which the niteous gas had to combine with, mere will remain 
157 nitrous gas 5=*2 grain weight, which was converted into 
nitric acid ; hut if we deduct one-eighth part from the weight 
of nitrous gas, we shall have the weight of oxygen requisite 
to convert it into nitric acid =*175 parts of a grain; only 
differing from the other valuation by sulphate of iron. 

To find the value of any sample of indigo, I take one grain 
carefully weighed from a mass finely pulverized. I put this 
into a small glass, a wine-glass for example ; then by a drop- 
ping tube I put two or three grains of concentrated sulphuric 
acid upon it. The two principles are next well mixed to- 
gether by trituration with tlie end of a small glass rod. Water 
IS then poured in, and the colouring matter fully diffused 
through it. The liquid is now transferred into a tall cylin- 
drical jar, of about one inch internri diameter; more water is 
poured in till the mixture becomes sufiiciently dilute to show 
the figure of the flame of a candle through it. Then the li- 
quid oxymuriate is mixed with the liquid gradually and by 
measure, agitating duly each time, and never putting any more 
in till the smell of the preceding has vanished. The liquid 
soon becomes transparent and of a beautiful greenish-yeuow 
appearance; after the dross has subsided, the clear liquid may 
be poured ofl^ and a little more water put to the sediment, 
with a few drops of oxymuriate of lime, and a drop of dilute 
sulphtnic acid; if more yellow liquid is produce^ it arises 
from p^rt^inlgg of indigo which have escaped the action of the 
oxymufiate before, and must be added to the rest. 

The value qf the indigo I consider in proportion to the 
quantity of retd oxymuriate of lime necessary to destroy its 
colour. The value also mav be well estimated by the quantify 

and 
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tind intensity of the amber^-cploured liquid which the indigo 
produces^ and this is found independently of any valuation of 
the oxymuriate of lime. 

Some of the samples I have tried, and the results are as 
under : 

1. — Precipitated and sublimed indigo, each one grain, gave 
nearly the same results. Each of these required 140 grains 
of the oxy muriate of lime solution, corresponding to 25 parts 
of a grain of oxygen. The yellow liquid obtained was 3600 
grains. 

2. — *Flora indigo, one grain, required 70 of the oxymuriate 
s:t*125 parts of a grain ot oxygen, or one half of the other. 

The same result from a sample marked J.,R. best. 

S. — Indigoes marked 1 P and 3 P required about 60 of the 
oxymuriate. 

4. — -Those marked J. R. middle^ J. R. wrrst^ and 4 P, re- 
quired about 50 oxymuriate. 

5. — That marked Wood was rather inferior to the above, 
but required above 40 oi^muriate. 

6. — Those marked 2 P and 1194 were the lowest I have 
examined ; one grain of each did not require more than 30 
oxymuriate, or 35 at the most. A poor turbid yellow liquor 
was produced. The sample 2 P, when burned, yielded about 
30 per cent of fine sand. 

Upon a review of these ex|>erinients, I am persuaded that; 
to destroy indigo by oxymuriatic acid, twice the quantity of 
oxygen is necessary that is required to revive it from the lime 
solution. 

I hope the subject here taken up will not be considered as 
unimportant, when we are informed that the article indigo 
imported into this country annually, about fifteen years ago, 
amounted in value to upwards of two millions of pounds ster- 
ling; and it much exceeds that sum in all probability at the 
present time. 


XXL On Ah'ial Navigation. By A Correspondent. 

To the Editors of the Philosophical Magazine and Journal. 
Gentlemen, 

npHE late p^sion for balloons has $ubsid<^ without pro- 
^ ducing any improvement, except a sensible hint in 
one of the newspapers, that the aeronaut should carry with 
him a long line having a great number of ropes attached, so 
as to increase the chance of assistance from below. Yet I 
think it will appear that the direction pf these^ machines, 

though 
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thoujgh a matter of tliie greatest difficulty, is by no means im- 
possible. The principles are well worthy the attention of the 
scientific mechanist, who would be most usefully employ^ in 
clearing the way, by removing false principles. If he cannot 
attain complete success, let him at least Contribute any useful 
hints, let him feel superior to the ignorant ridicule thrown 
upon the subject, since no man of science ever touched a 
question, and left it as he found it. 

The balloon, by being carried with the same velocity as the 
current of air, wants what sailors ctill “ head-way,” or steer- 
age-way.” Its intliflference of position cannot l^e modified by 
keel, rudder, or sail, unless it acquire a 7'elative velocity with 
regard to the current, unless it moves slower or faster than 
the air in which it floats. If your readers have read ot, or 
thought of, any means of producing such an effect, even re- 
motdy plausible, except the following, it would be desirable 
that they should appear in your Journal. 

1. It has been suggested, that by ascending and descending 
while a plane attached to the balloon maintains given angles 
to the current, the resolution of forces will enable us to make 
some progress. The best method of bringing into action this, 
and indeed all other principles for the guidance of these ma^ 
chines, will be to unite a larger and a smaller balloon by 
means of a platform. This platform may be lowered or raised 
at any angle, by sliding a weight towards that balloon which 
we may wish to depress. That the principle of angular mo- 
tion will be occasionally used, especially in calm weather, is 
highly probable, whatever other means shall succeed; but 
that this alone will be effectual, can scarcely be expected. 

2. It has been proposed to connect the balloon with a lower 
stratum of the air, of greater density and less velocity, so as 
to retard the motion of the machine. Thrs would allow us to 
employ a keel, rudder, and sails; and though we could not 
proceed against the current, it would enable us to deviate a 
few degrees to the right or left of the general direction. 

3. It has been proposed to act on the air, as the tail of a 
fish acts on water, or as a sii^le oar behind acts in the mo- 
tion of a boat. The principle is not generally understood. 
By resolution of forces it will appear, that when the animal 
bends its tail, thi^ tendency is to amw it bachmardn It is im- 
pelled forwaa^d by rapidly jei^g the tail to its first natural 
positimi. The tail is bent s/(na/y, and unbent quickly i and 
since the resistance varies nearly as the square of the velo- 
city, the fordi foramrd is much, greater than the force back- 
waid. Tbisr lAows bow very material in the question it is 
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that tlie« velocity of any machinery used should be consider- 
able, a jsmall difference in that producing a considerable dif- 
ference in the resulting force. The principle is applied in 
swimming. , 

4. One writer recommends a series of explosions with gun- 
powder. This is very crude. It would indeed be possible 
to gain some power by creating a vacuum in front of the ma- 
chine, and by impelling the air drawn from the front through 
a pipe, to rush out behind. This might be effected by con- 
necting the centre of the pipe with a tube and piston. In 
raising the piston, the air will rush through the pipe from the 
front, while it is prevented by a valve from passing in through 
the other part; on depressing the piston, the air is impelled 
through the pipe behind, while another valve prevents its re- 
gress to the front. The principle differs but little from that 
of the blowing engine and common bellows. 

5. Some have thought it possible to tame the eagle, or 
imitate his wings ; while others, as Blanchard, made an ineffec- 
tual attempt with valved oars. (See voLxlix. p. 197, and Ixi*. 
p. 6, of this Journal.) 

6. But let us look philosophically on the matter. In what 
cases is the air used as an agent; and can we by revefimg the 
opei^ation use similar means to re-act on the air itself? It is 
used to fill the sails of ships, and it has conversely been pror 
posed to push out canvass against the air : some power so 
gained might be retained, by withdrawing the canvass in a 
folded form, or by valves, or by protruding it with consider- 
able velocity, and withdrawing.it slowly. 

7. Wind is used to turn the sails of mills, and in so act- 
ing swells them into curves investigated by mathematicians. 
Would it be possible, by turning sails, hvflexihly maintaining 
the form so produced j in an opposite direction, to re-act upon 
the air, as it had acted upon the sails ? These sails would be 
fix^ behind and turned by machinery. 

8. We might combine the principle of the steam-boat pad- 
dles with that of the Iforizontal windmill. The paddles gain 
their power by being only partly immersed in the water, so 
tliat in returning they do not act at all. In the horizontal 
windmill this difficulty has been and may be obviated by a 
great lumber of ingenious contrivances; for some of which see 
Dr. ^Water’s EncycUpmdia^ Mechanics,” and its references, 
p. 570. Those pmdles may be fixed on ihe edges of the 

E latform connectmg our two balloons, the sails of the paddles 
^ eing so constructea as to furl themselves in returning. There 
is great advantage in making our power operate by a rotary 

motion, 
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motion ; and we should remember that an impulse once given 
will maintain itself loiig with little support. Virgil says of 
the dove ; 

** Celeres neque commovet alas.’* 

Having enumerated sueh suggestions as do not i^em utterly 
groundless, and which may separately or in combination sup- 
ply materials for the speculations of others, I will add a hope 
that the Society of Arts may draw the attention of scientific 
persons to a fiill investigation of the question. Yours &c. 

QUERIES. Septimus. 

1. Does not the velocity of an aerial current generally di- 
minish very rapidly as it approaches the earth, and should 
not an aerostatic machine be kept low in the air, except when 
the current is favourable? — Vide Principia, book ii. last sect. 

2. Since the resistance varies nearly as a u* — ft w, v being 
the velocity; and since the power acting upon the air may 
move with much greater velocity than that produced in the 
balloon’s motion, — will not power be gained by acting in the 
lower and denser strata of the atmosphere? 

3. Must not the line of direction of any force, to be applied 
with a maximum effect, pass through tlie centre of pressure 
of the system ? And what must be the position of a plane 
connecting two balloons, that a force acting in the direction of 
the plane may pass through the centre of pressure of the whole 
system, one balloon being supposed to precede ? 

4. Let a fan be wound spirally about a rod, like an Archi- 
medes’ screw, and let the rod turn in the air on its axis with 
a uniform velocity,— will the rod acquire any other motion in 
addition to its motion of rotation, and in what direction ? 


XXII. Notices respecting New Books. 

P roposals have been issued for publishing by sub- 
scription, in about fifty quarterly parts. Species Comhy^ 
liorum: or. Descriptions of all the known species of Recent 
Shells. By G. B. Sowerby, F.L.S. Illustrated with coloured 
plates, by J. D. C. Sowerby, F.L.S.— The temporary posses- 
sion of tlie celebrated Tankerville Collection, Messrs. Sowerby 
observe, will enable them to secure drawings and descriptions 
of many shells that could not otherwise be easily obtained : 
thi^ in addition to their own private collections, and the im- 
mense number of spefeies contained in the collection late the 
property of Mr. George Humphrey, with the access thev have 
tO'tne ciibioets of many of their friends, will enable them to 
render this work by far the most complete of its kind. 
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Recently published. 

Nos« III. and IV. of the 2^1officaI Journal. 

The sixth edition of Dr. iParis^s Pharmacolo^a ; in which 
is introduced a revolving scale, termed the Medical Dynamer 
ter, showing the absolute and relative strength of the different 
prmarations of medicine : in 2 vols. 8vo. 

Traite de Chimie Elementaire^ themique et pratique ; par 
J. L. Thenard. 5 vols. 8vo; fourth edition, 1824. 

Sur la Distribution de la Chaleur dans un anneau homoghie 
et d^une epaisseur comtante lorsque la temperatwe du lieu ou il 
est place varie dUin point d un autre i par M. Poisson. (Cow- 
naissaneede Temps^ 1826.) 

Plantes Cryptogames du No7*d de la Prance ; par J. B. H. J. 
Desmazi^res. Fasc. I. Lisle 1825. Treuttel and Wiirtz. 

Second Discours sw^ la Geometric et la Mecanique appliquies 
aux Arts. — Risume genfral des Applications de la Geometric: 
Discours prononc^ dans Tamphith^Stre du Conservatoire des 
arts et metiers, le 22Decembre 1824 ; par Charles Dupin, de 
r Academic des Sciences. Paris 1825. 8vo. 

Systema Algamm aduinbravit £• A. Agardh, Professor. 
Lund. 1824. 1 vol. 12mo. 

Pomona Italiana^ See. The Pomona of Italy, or a Treatise 
on the Fruit-Trees of that country; by George Gallesio. 
Pisa, 1817—1824. 


ANALYSIS OF PERIODICAL WORKS ON NATURAL HISTORY. 

Curtises British Entomology, No. 12. 

PI, 47 , Pogonu 9 Burrellii, a very pretty, species belonging to this genus, 
(which is Raptor of MegerleJ discovered in abundance in Norfolk by the 
Rev. Mr. Burrell, from whom it receives its name.— PI. 48. PontiaDaplidicey 
the only figure that has ever been given of a British specimen of this ex- 
tremely rare insect, those appearing in other works having lieen drawn 
from foreign specimens.-- PI. 49. Trichiosonia lateralc, a species never be- 
fore figured of a genus formed by Dr. Leach, from the Fabrician genus 
Cimbex, — PI. 50. Limnobia ocellaris, a very pretty species, which, al- 
though described by Linnseus, has never before been figured. There are 
several species with the wings ornamented with pretty *ocellated spots; 
from all of which this may be distinguished by the single black annulation 
round each femur. 

Having here concluded his first volume, the author thus briefly reviews its 
contents. It has been found necessaiy to establish four new genera, 
tomot Sarroihripusy Peroneoy and Hteniobora: five more are now for the first 
time recorded as British, viz. Pogontuty Omatetts, XyeUiy /5i7^,and Eumenes, 
— ^F^res of fourteen of the species it is believed have never before been 
published in any work, \\z,^Pogonui BurreUiiy Omaseus aterrimuSy. Aphodtw 
viltoniSy Hydnmetra Slagnorum (with wings), Velia Rivutorum, Peronea rii- 
Jtcostana, Cimbex dkcefiMnnculata. Trichmoma lateraley Eimenes etrkormsy 
Ctenophora omata, lAmncbia ocedarUy Pachygaster LeatMiy Anthrax ofnafoy 

and 
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and Hcemobora paUipes; of the remaining thirty-six species, only eleven of 
them have been fibred in any British wdrk. — It is not only noped that 
these novelties will be sufficient to recommend this volume to the student, 
but likewise render it useful to those more advanced in the science both 
at home and abroad. The author also trusts that those who have pur- 
chased the volume for its embellishments, or for the figures of the British 
plants which it contains, will not have been disappointed in the selection 
that has been made.” 

The execution of the work, as far as it has hitherto proceeded, abund- 
antly justifies the favourable opinion which its first numbers led us to ex- 
press ; and we sincerely hope that Mr.Curtis*s meritorious labours as an artist 
and naturalist will meet with the encouragement which they richly deserve. 

Vol. II. Nos. 13 & 14. 

PI. 51. Platppui cplmdruSi n singular insect belonging to Latreille's 
Class Heteromera^ but which has a fifth minute joint at the base of the 
terminal one, as Mr. W. S. MacLeay has lately proved many of the Cur^ 
adionldis to have, and which he has lately demonstrated before the Zoolo- 
gical Club.— PI. 5^. Onthophagui Taurut. A male of this curious insect 
having been taken last autumn in the New Forest, a figure of it is given for 
the first time in any British work.— PL 53. JJ&^ena Ichneumonifomiis Fab. : 
Vespiformis Haworth; a very rare species of the natural and beautiful 
genus JBgeria, which is rendered remarkable by the ocelli, which, as the 
author observes, is an additional proof of analogy between this Order and 
Trickoptera. He has also revised the genus, and settled the true names 
and synonyms, which in this country until now were in great confusion.— 
PI. 54. Lophprus Pini. Both sexes of this beautiful and singular insect 
are figured, and an interesting account of them given from the learned 
De Geer.— PL 55. Melatis buprestoidet; a figure of this curious and inte- 
resting insect has never before appeared in any British work, and the only 
dissections that we know of the “ instrumenta cibaria,” which are riven by 
Olivier, are very far from accurate.— PL 56. EtUepia Cribrum. We know 
of no figure of this extremely rare insect except in the work of Hubner, of 
which probably there are not more than two complete copies in the king- 
dom: the pectinated antennae separating it from Litbosia, and the ge- 
neral habit from Eyprepia, the author has divided this and Bonib^x gra- 
minica from them, and established them as a new genus ; and we think that 
dissections of such rare insects as have never been attempted before in 
any work upon this beautiful Order, must be very interesting to the Lepi- 
dopterist.— PL 57. Leptiwerus ochraceus, a new species of this pretty 
genus. The dissections here again must be very valuable to the investigator 
of nature; as there are, wc believe, no dissections of this family, excepting 
the Labrum in Savigny’s Memoiret sur leg Animatu' gang Fertebreg, — PI. 58. 
Crpptus paUipeg. The male of this curious insect is here given, which is now 
figured for the first time, having been first described by Dr. Leach in the 
Zoological Miscellany. 

Lectures on the Pheenomena and History of Igneous Meteors 
and Meteorites. 

E. W. Brayley junior, A.L.S., will shortly commence, at 
the Russel Institution, Great Coram-street, a Course of Lec- 
tures on the Phenomena and History of Igneous Meteors and 
Meteorites; to be illustrated by a series of transparent dia- 
grams of MeteDrs, an extensive collection of Meteorites, and 
various experiments in Chemistry and Natural Philosopliy. • 

THJi 
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THE LATE ALEXANDER TILLOGH, LL.D. 

It is Vitb feelings of deep emotion thnt we have to announce 
to our readers the death of a gentleman with whose name 
and talents they have long been acquainted — Dn Alexander 
Tilloch, the founder and editor of the Philosophical Maga* 
zine» the second monthly jieriodical work wholly devoted to 
scientific subjects published in this country ; the first having 
been Mr. Nicholson’s Pliilosophical Journal, which some years 
since mej^ed into this work. 

We liave neidier the leisure nor would our feelings permit 
| us to do justice to the memory of our late much-esteemed 
I friend and coadjutor ; we shall however lose no time in pre- 
! paring such a Memoir of him as his character and talents 
^ demand, and which will be given in a future Number of the 
I Philosophical Magazine: — our present notice therefore can 
only be considered as a brief obituary. 

Alexander Tilloch was a native of Glasgow, where he was 
born on the 28th of February 1759. After receiving that li- 
beral education which in Scotland is so much more accessible 
than in England) inured from his earliest life to a habit of 
ihinkjig for himself, possessing an inquisitive mind, and im- 
bibing an ardent thirst for knowledge, he devoted much of 
bis attention to the art of printing, in which he conceived much 
improvement remained to be made. As he was not bred a 
printer himself, he had recourse to Mr. Foulis, printer of the 
University of Glasgow, to whom he applied for types to make 
an experiment in a new process, and that nothing less than 
the art of stereotype printing : the experiment succeeded, and 
Mr. Foulis, who was a very ingenious man, became so con- 
vinced of its practicability and excellence, that he entered 
into partnership with him in order to carry it on. They took 
out patents in both England and Scotland, and printed se- 
veral small volumes from stereotype plates. A few years after- 
wards Dr. Tilloch discovered that although he had invented 
stereotype printing, yet he was but a second inventor, and 
that the art had been exercised by a Mr. Ged of Edinburgh, 
jeweilef, nearly ^fty years before. This circumstance, if it 
did not disgust Dr, Tilloch, made him think less of his dis- 
wvery; and soon after he left. Glasgow for London, where he 
became one of the proprietors of the Star evening newspaper % 



but even the avocations of a daily joumal» and* the^ political 
vortex into which all connected with it are unavoidably 
driven, could not divert his mind from its favourite pur* 
suits. He saw with regret that while in London there were- 
a host of periodicals, there was but one in which the man of 
science could embody his own discoveries or become acquaint-' 
ed with those of others ; he therefore projected and commenced 
the Philosophical Magazine, which has now reached its 65th; 
volume. The example was soon afterwards followed ; but al«‘ 
though there are now several works of a similar description, 
the Philosophical Magazine has continued to maintain its high 
character. To this the philosophical acquirements of the' 
Editor, who possessed an extensive knowledge of many de- 
partments of physical science, were in a great degree con- 
ducive; and various papers by himself in the earlier volumes 
are by no means the least interesting of their contents. During 
the last three years, however, the ravages of the disorder which 
has terminated in his death, disabled him from taking an ac- 
tive part in conducting the work. 

Dr. Tilloch devoted much of his valuable time to the Steam- 
engine, and had a large share in suggesting and nAturing 
the improvement on what is called WoolPs Engine. The ruling 
passion may be said in Dr, Tilloch to have been strong almost 
even in death; for he had entered a new patent for a steam-en- 
gine only a fortnight before death closed his eyes, and tlie world 
lost a man who had devoted a long life to the advancement of 
science. This melancholy event took place at his house in 
Barnsbury-street, Islington, on’the 26th of January last. 

In private life Dr. Tilloch was amiable; in conversation acute, 
intelligent, and communicative; few persons possessed a clearer 
understanding or a warmer heart. We have already stated 
that Dr. Tilloch was one of the proprietors of the Star news- 
paper, and for many years he took an active share in its 
management; for the last five years, however, the editing has 
been confided to other hands, and the opportunities that a 
long and protracted sickness enabled him to devote to study 
were appropriated to science, in the promotion of which he 
was always, ardent and persevering. 

Dr. Tilloch was a member of several literary and scientific 
societies, and few individuals had stronger claims to those 
distinctions. 
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' XXIIL Proceedings of Learned Societies. 

ROYAL SOCIETY. 

Feb. 3. — ^T^HE reading of Dr. Kidd’s paper On the ana- 
. * toniy of the mole-cricket, was concluded ; and a 
notice read, On the nerves of the human placenta; by Sir 
E. Home, Bart. V.P.R.S. 

Feb. 10. — A paper was read, entitled Notice of the igwa- 
tiodoHj a fossil herbivorous reptile found in the sandstone of 
Tilgate Forest; by Gideon Mantell, F.L.S. Communicated 
by Davies Gilbert, Esq. V.P.RIS. 

Feb. 17. — A paper was read, entitled An experimental in- 
quiry into the nature of the radiant heating effects from ter- 
restrial sources; by the Rev. B. Powell, M.A. F.R.S. 

Feb. 24*. — Dr. John Thomson, F.R.S., communicated a 
paper. On the materno-foetal circulation, by David Williams, 
M.D. ; part of which was read, and the remainder postponed 
to the next meeting. 

LINNiEAN SOCIETY. 

Feb. 1.— A paper was read, On the structure of the tarsus 
in the tetramerous and trimerous Coleoptera of the French en- 
tomologists. By W. S. MacLeay, Esq. A.M. F.L.S. 

It is'^the object of this communication to show that all 
Coleoptera are typically pentamerous ; that the tarsal system 
not only violates many obvious relations both of affinity and 
analogy, but is not even founded in truth ; the majority of 
insects classed as tetramerous having in reality not Jour but 
fve joints: as for instance, theLinnecan genera Curculio, Ce- 
ramhyx^ and Chrysomela. It is also shown that all the trimerous 
insects of the French entomologists are at least tetramerous. 

Feb. 15. — A collection of New Holland birds was exhibited, 
presented by Mr. Icely. 

M. C. S. Kunth, of Berlin, and Professor Fr. A. Bonelli, of 
Turin, were severally proposed as candidates to fill a vacancy 
which had occurred among the foreign members. 

The readinff.of Messrs. Sheppard and Whitear’s paper On 
the birds of Norfolk and Suffolk, and of Dr. Hamilton’s ' 
Commentary on the HortusMalabaricusy was continued. 

GEOLOGICAL SOCIETY. 

Jan. 21. — A paper was read, entitled On the Fresh-water 
formations recently discovered in the environs of Sete T Cette}^ 
at a short distance from the Mediterranean, and below the' 
level of that sea ; by M. Marcel de Serres, Prof, of Min. 
aad Ocol. to the Faculty of Sciences of Montpellier. 

The* 
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The fresh-water formations described in this communication 
have been examined by means of several wells sunk at about 
the distance of three-quarters of a mile and a mile and a half 
from the Mediterranean, near Sete, in the South of France. 

A detailed account is given of the several strata passed 
through in the three different wells, and of the organic re- 
mains which they contained. 

The strata are for the most part parallel and nearly hori- 
zontal. 

From the sections it appears there are two fresh-water 
formations with an intervening formation of marine origin. 
The strata of the upper fresh-water were found to vary from 
about 30 to 40 feet in thickness ; those of the lower from 1 3 
to 28 feet : the latter being sometimes lower than the present 
level of the Mediterranean. 

The marine beds which are interposed, are from 10 to 11 
feet thick. 

The fresh-water strata are composed of numerous alternat- 
ing calcareous and argillaceous marls, and compact limestones; 
and their organic remains consist of a lew bones of land qua- 
drupeds much decayed, a variety of fresh-water and terrestrial 
shells, the latter in tlie greatest abundance ; the shells differ- 
ing in species but not in genera from the present inhabitants 
of the same country; and lastly, some traces of vegetables, 
chiefly reeds. 

The marine formations contain ostrcce^ ceriiliia^ &c. A 
complete list is added of the organic remains : — from the state 
of preservation in which the fresh-water shells are found, 
Mons. Marcel de Serres infers that they lived and were de- 
posited where they are now found ; and from the resemblance 
of those occurring in the upper and lower fresh-water beds, 
he concludes Uiat the periods at which these two formations 
were deposited were not very remote from each other. 

The author considers all these formations to be more re- 
cent than the Calcaire Gtossia'c^ and ascribes the alternations 
of marine and fresh-water strata to a return of the sea ; such 
a suppostion being rendered the more probable by the neigh- 
bourhood of the Mediterranean, where similar returns are still 
known to take place. 

On February 4, being the Anniversary of the Society, the 
following members -were chosen as Officers and Council for 
the ensuing year : — 

President: Rev. William Buckland, F.R.S. Prof. Geol. and 
Min. Oxford. — Vice-Presidents: Sir Alexander Crichton, M.D. 
F.R. & L.S. Hon. Memb. Imp. Acad. St. Petersbnrgh; William 
Henry Fitton, M.D. F.R.S. ; Charles Stokes, Esq. F.R.A. & 
Vol. 65. No. 322. Feb. 1825. S L.S 
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L.S. ; Henry Warburton, Esq. F«U.S. — Secretaries: Charles 
Esqk P.L.S.; George roulett Scrope, Esq.; Thomas 
Webster, Esq. — Foreign Secretary: Henry Heuland, Esq. — 
Treasurer: John Taylor, Council: Hon. Henry Grey 

Bennet, M.P. F.R.S. & H.S. ; Richard Bright, M.D. F.R.S. ; 
Sir Henry Bunbury, Bart; Henry Burton, Esq.; William 
Clift, Esq. F.R.S. ; Henry Thomas Colebrooke, Esq. F.R.S. 
L. & E. F.L. & Asiat S. ; George Bellas Greenough, Esq. 
F.R. & L.S. ; Thomas Horsfield, M.D. F.L.S. ; Gideon 
Mantell, Esq. F.L.S. ; Hugh Duke of Northumberland, K.G. 
F.H.S. ; William Hasledine Pepys, Esq. F.R.S. L.S. & H.S. ; 
John Vetch, M.D. 

HORTICULTURAL SOCIETY. 

Feb. 1. — The silver medal of the Society was presented to 
Mr. George Lindley, a corresponding member of the Society, 
for his paper on a classification of peaches, printed in the 
Transactions. 

The following papers were read: — Upon the apparently 
beneficial effects of protecting the stems of fruit-trees from 
frost in early spring. By Thomas Andrew Knight, Esq. F.R.S. 
&c. President.— On the management of hot-house flues, so as 
to ke^ up an equal temperature during the night. By the 
Rev. George Swayne, corresponding member of the Society. 

Feb. 15. — The following paper was read: — On forcing 
established cherry-trees under glass. By Mr. Thomas Allen. 

ASTRONOMICAL SOCIETY. 

Feb, 11.— The fifth Annual General Meeting of the Society 
was this day held at the Society’s rooms in Lincoln’s Inn 
Fields, for the purpose of receiving the Report of the Coun- 
cil upon the state of the Societ 3 r’s affairs, electing Officers for 
the ensuing year, &c. &c. 

The President, H. T. Colebrooke, Esq. in the chair. 

The Report, which was read by Dr. Gregory, and ordered 
to be printed for distribution amongst the members, com- 
nienced by expressing the gratification felt by the Council 
on witnessing the growing prosperity of the Society, and the 
increasing evidence of the utility of its institution. It pro- 
ceeded to state that, for the purpose of still further alleviating 
the labour of thej)ractical astronomer (the Society having 
already published, in part 2. vol. i. of its Memoirs, tables 
for facilitating the computation of the 'Apparent places of 
46 principal stars), the Council had deemed it desirable that 
tables of precession, aberration, and nutation should be com* 
puted, embracing, 1st, all stai*s above the 5th magnitude; 

^ 2d, 
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2nd, all stars to the 6th magnitude inclusive, whose decli-* 
nation should not exceed SO^ ; and 8d, all stars to the 7th 
magnitude inclusive, within 10^ of the ecliptic, — and that a 
considerable portion had already been computed under the 
superintendence of Mr. Baily and Mr. Gompertz, and would 
be forthwith published, accompanied W an explanatory pre- 
face drawn up, at the request of the Council, by Mr. Baily. 
The Report then noticed, in terms of well merited panegyric, 
the very valuable collection of astronomical tables lately pub- 
lished by Dr. Pearson, the Treasurer ; and it will be no little 
gratification to the scientific world to be informed that the 
tables constitute only a part of a comprehensive treatise on 
Practical Astronomy upon which Dr. Pearson is still engaged. 
It then adverted to the visit of Mr. Herschel (the foreign 
secretary) to Italy and Sicily, from which, besides other very 
considerable benefits, the Society had derived increased fa- 
cilities of coinnuinication with the continental astronomers, 
nearly the whole of whom the Society had now the honour 
of numbering amongst its associates. The Report conveyed 
a just tribute of respect to the memory of the late Majoi-ge- 
neral John Rowley of the Royal Engineers, F.R.S., and a 
member of this Society, of which he was a cordial friend from 
its commencement. After alluding to tlie acquired stability 
and acknowledged utility of the institution, which might jus- 
tify an application to die Ci'own for a Charter of incorporation, 
the Report stated that the expediency of such an application 
would most probably engage die consideration of the Council 
for the ensuing year. It concluded by strenuously advising 
concert and co-operation — observing, that though much had 
been done to advance astronomical science and much was in 
progress, much yet remained to be done. On the retro- 
spect of the past, however, your Council derive confidence 
with regard to the future. Let the zeal, activity and talent 
of the Members and Associates for the next ten years but keep 
pace witli the efforts of the last five, and the most interesting, 
brilliant, and beneficial results may unhesitatingly be antici- 
pated.” 

A list of the papers read at the ordinary meetings, followed 
by a numerous list of benefactors and a gratifying statement 
of the Society’s finances was then read, after which the Mem- 
bers present proceeded to ballot for the Officers for the ensuing 
year, when the following were declared to have been duly elected. 

President: Francis Baily, Esq. F.R.S. & L.S.— 
sidents: Charles Babbage, Esq. M.A. F.R.S. L. &E. ; Rev. 
John Brinkley, D.D. F.R.S. Pres. R.LA. And. Prof. AsLUniv. 

Dublin; !Davies Gilbert;, Esq, M.P. V.P.R.S. & F.L.S. ; 
George Bari of Macclesfield, F.R.S. — Treasurer: Rev. William 

S 2 Pearson, 
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Pearson, LL.D. F.R.S. — Secretaries: Olintlms G- Gregory, 
LL.D. Math. Rcnj. Mil. Acad. Woolwich; John Milling- 
ton, Esq. F.L.S. Prof. Mech. Phil. Roy. Inst. — Foreign Se- 
cretary: J. F. W. Herschel, Esq. M.A. F.R.S. L. & E. — 
Council: Captain F. Beaufort, R.N. F.R.S. ; Major T. Colby, 
Roy. Eng. LL.D. F.R.S. L. & E. ; Henry T. Colebrooke, Esq. 
F.R.S. L. & E. & L.S.; Bryan Donkin, Esq.; Rev. William 
Dealtry, B.D. F.R.S.; Benjamin Gompertz, Esq. F.R.S.; 
Stephen Groombridge, Esq. F.R.S,; Edward Riddle, Esq.; 
Richard Sheepshanks, Esq. M.A. ; Edward Troughton, Esq. 
F.R.S. L. & E. — The Society afterwards dined together at 
the Freemasons Tavern, to celebrate their fifth anniversary. 

UOYAL ACADEMY OF SCIENCES OF PARIS. 

Dec. 6. — The Minister of the Interior solicited the Academy 
to nominate a candidate for the Professorship of the cultiva- 
tion and naturalization of exotic plants, at the Jardm du Roij 
vacant by the death of M. Thouin. — M. Loiseleur dc Long- 
champs communicated a supplement to his memoir on the 
means of obtaining several crops of silk in the year. — Dr. Vil- 
lermet continued the reading of his memoir on the compara- 
tive mortality of the middle and poor classes of jieople. — 
M. Jomard communicated an extract from a letter dated Sep- 
tember 27, 1824, relating to M. de Beaufort’s expedition into 
the interior of Africa. — M. le Baron Cagniard de la Tour 
read a memoir, entitled Reflections on vibrating cords ; ex-' 
periments in support of those reilections. — M. de h’erussac 
read a notice on the animal of the genus Argonaula. 

XXIV. Jntdligcnce and' Miscellaneous Articles. 

THE BRITISH MUSEUM MR. GOODWYN’s MANUSCRIPTS. 

^I'^HOSE who are interested in mathematical computations, 
and the tabulation of their results for practical purposes, 
will learn with pleasure that the curious and extensive Tables 
of the late Henry Goodwyii, Esq. of Blackheath, have, by the 
.advice of Dr. Gregory, Professor of Mathematics in the Royal 
Military Academy, been deposited by Mr. Goodwyn’s family 
in the library of the British Museum. — The following copy of 
Dr.|Gregory’s account of the general nature of the manuscripts 
will serve to convey the requisite information to our readers. 

The late Henry Goodwyn, Esq. of Blackheath, being for 
several years kept by ill health from the more active pur- 
suits of life, devoted a great portion of his time to the most 
laborious computations, many of them relating to topics and 
leading to results that are exceedingly curious and interesting. 
Some of these he applicil to practical inquiries relative to in- 
terest 
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terest and annuities ; others to the determination of powers 
and roots ; others to the reduction and comparison of weights 
and measures, wliether British or foreign, and to the forma- 
tion of a general sj^stem ; and others he rendered applicable 
to the rules of mensuration and to still higher inquiries among 
mathematicians. 

“ In the pursuit of these researches he developed various in- 
teresting properties indicative of the mutual connexion be- 
tween circulating decimals and prime numbers, entering either 
simply or cornpositcly into the denominators of fractions re- 
spectively equivalent to those decimals ; of which properties 
some have been long known to mathematicians, while others 
had almost, if not altogether, escaped their notice. A few of 
these are explained in the Appendix to the quarto pamphlet 
to which this })aper is attached * ; and in that appendix one 
of Mr. Goodwyn’s ingenious improvements in computation is 
described and applietl. 

“ The resultsof his persevering and long-continued labours, 
have, as yet, been oiilj'^ very partially laid before the public 
in a few detached pamphlets, volumes, &c. ; — copies of all 
which are herewith transmitted. But his two works of greatest 
labour, the one denominated A Table of complete decimal 
quotients, ” and the other “ A Tabular series of decimal 
quotients for all the proper vulgar fractions,” of which, when 
in their lowest terms, neither the numerator nor the denomi- 
nator is greater than JOOO, still remain in manuscript. The 
former of these is comprised in four folio volumes of manu- 
script, and lettered ‘‘ Table of complete quotients.” 

“ Mr. Goodwyn had finished their computation, and by sub- 
seejuent calculations had nearly, if not entirely, verified the 
correctness of the whole. He had also advanced considerably 
in the computation of the “ Tabular series,” the results being 
entered and duly arranged in five volumes large quarto ; in 
the last of which, however, the platform of his labours is alone 
exhibited. 

“A comparison of the respective manuscripts with the two 
royal octavo printed volumes entitled “ Table of the circles 
and tabular series,” and with the quarto pamphlet to which 
this is annexed, will enable any competent judge to appreciate 
the extent of these classes of Mr. Goodwyn^s labours, their 
utility, and the comparative value of those portions which still 
remain unpublished.' 

‘‘ Mr. Goodwyn's family, anxious to consign these maiui- 

* Entitled ** The first Centenary of a concise and useful Table of com- 
plete Decimal Quotients,” with a specimen of A tabular Series,” &c. 

scripts 
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scripts of their revered relative to some institution where they 
may hp occasionally consulted by the friends and promoters 
of ma&ematical science, do now, with the consent of the trus- 
tees of the British Museum, deposit them in the library of that 
magnificent national institution. 

Royal Military Academy, Olinthus Gregory.” 

Woolwich, Nov. 1824. 


NEWLY- DISCOVERED ISLAND. 

A new island in the Southern Ocean was discovered last 
July by Capt. Hunter, of the Donna Carmelita. It is <le- 
scribed as “ entirely composed of lava, in some places almost 
a metal. It lies in the Latitude of 15° 31 S. ; and longitude 
176° 11 E. by sun and moon, brought up by chronometer for 
four days previous.” It is called Onacuse, or Hunter’s Island. 
The inhabitants, who came off in canoes, manifested a friendly 
disposition ; and the cutter was sent ashore in charge of the 
first officer, who had an interview with the king, and trafficked 
with the natives on very friendly terms for provisions. They 
are about the colour of Malays, but have more of the Euro- 
pean features. Their canoes are very handsome, not unlike 
those of Ceylon, and ornamented with shells. 


EXPEDITION FROM MISSOURI TO MEXICO. 

A statement of facts has been lately presented to Congress 
from Mr. Augustus Storrs, of New Hampshire, in relation to 
the origin, present state, and future prospect of trade and in- 
tercourse between the Valley of the Mississijipi and the inter- 
nal provinces of Mexico, which was ordered to be printed and 
referred. 

Mr, S. has been one of a caravan of eighty persons, 156 
horses, and 23 waggons and carriages, which had made the 
expedition from Missouri to Santa Fe (of New Mexico), in May 
and June last. His account was full of interest and novelty. 
It sounded like romance to hear of caravans of men, horses, 
and waggons, traversing with their merchandize the vast plain 
which lies between the Mississippi and the Rio del Norte. The 
story seemed better adapted to Asia than to North America. 
But, romantic as it might seem, the reality had already ex- 
ceeded the visions of the wildest imagination. The journey to 
New Mexico, but lately deemed a chimerical project, had be- 
come an affair of ordinary occurrence. Santa Fe, but lately 
the Ultima Thule of American enterprise, was now considered 
as a stage only in the progress, or rather a new point of de- 
parture to our invincible citizens. Instead of turning back 
from that point, the caravans broke up there, and the sub- 
divisions 
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divisions branched off in different directions in search of new 
theatres for their enterprise. Some proceeded down the river 
to the Passo del Norte^ some to the mines of Chihuahua and 
Durango, in the province of New Biscay ; some to Sinera and 
Sinatoa, on the Gulf of California ; and some, seeking new 
lines of communication with, the Paciffc, had utidertaken to 
descend the western slope of our continent through the unex- 
})lored regions of the Multnomah and Buenaventura. The 
fruit of this enterprise, for the present year, amounted to one 
hundred and ninety thousand dollars in gold and silver bullion, 
and coin, and precious furs ; a sum considerable in itself in 
the commerce of an infant state, but chiefly deserving a 
statesman’s notice, as an earnest of what might be expected 
from a regulated and protected trade. The principal article 
given in exchange is that of which we have the greatest abun- 
dance, and whidi has the peculiar advantage of making the 
circuit of the Union before it departs from the territories of 
the Republic — cotton, w'hich grows in the south, is manufac- 
tured in the north, and exported from the west. 


KAIL-ROADS, 

On a well made road a horse will draw a load of one ton, 
in a cart weighing 7 cwt, at the rate of two miles an hour— 
(Leslie’s Elements, p. 253). The whole strength of the horse 
is exerted in overcoming the friction. On such a road, there- 
fore, a force of traction of 100 pounds moves a weight of 
3,000 pounds, or the friction is l-30th part of the load (the 
cart included). 

On a rail-way of the best construction it has been shown in 
a former jiaper, that a horse travelling at the same rate of 
two miles an hour draws 15 tons, including the vehicles. In 
this case then a power of traction of 100 pounds moves a 
weight of 33, GOO pounds ; the friction of course is l-336th part 
— or in round numbers 1 -300th part of the load. 

On a canal, a horse travelling at two miles an hour draws 
30 tons in a boat w^eighing probably 15 tons*. Reducing the 
ton to 2,000 pounds for the sake of round numbers, as in the 
last calculation, we find here that a power of traction of 100 
pounds moves a mass of 90,000 pounds — or tlie resistance 
which the water opposes to the motion of the vessel is equal to 
1 -900th part of the load or entire w^eight. At sea, where the 
w’-ater-way is of unlimited breadth, the resistance is probably 
one-third less ; but as a compensation for this, when steam- 

^ Boats in some cases carry only 15 or 20 tons, in others 35 (as the 
coal boats on the Union Canal); but in the one case they travel <|^iickei*,|aiK] 
in others slower, than the rate iiientioncJ. 
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power is employed, there is probably a loss of one-ttiird in 
consequence of the disadvantageous mode of its application. 

We see then that the effect produced by the draught of a 
single horse is ten times as great upon a rail-way, and thirty 
times as great upon a canal, as upon a well made road. Yet 
a rail-way costs only about three times as much as a good 
turnpike road^, and a canal about nine or ten times; and the 
expense of keeping the rail-way and canal in repair is proba- 
bly less in proportion to the original outlay than in the case 
of a road. It is obvious, then, that were rail-ways to come 
into general use, two-thirds or more of the expense of trans- 
porting commodities would be saved. With regard to the 
comparative advantages of canals and rail-ways, so far as the 
present facts go, we may observe, that if a horse-power effects 
three times as much upon a canal as upon a rail-way, the canal 
costs about three times as much, and will of course require 
nearly the same rates or dues per ton to make the capital yield 
the same interest. 

But here it is of great importance to recollect that this com- 
putation refers solely to a velocity of /w miles an hour. If 
the friction which impedes the motion of a car or waggon and 
the resistance which the water offers to the progress of a ship 
were governed by the same laws, the same conclusions would 
hold true whatever the velocity might be. But this is far from 
being the case, as we shall presently see. In illustrating "this 
point, it will be convenient, instead of estimating effects by the 
variable measure of a horse-power, to refer to a determinate 
and constant force of traction of a given amount. We shall 
therefore assume, that the body to be moved is urged forward 
by force exactly equivalent to a weight of 100 pounds sus- 
pended over a pulley at the end of the plane on which it moves. 

First, with regartl to the motion of a body in water. It is 
deduced from the constitution of fluids, and confirmed by ex- 
periment, that the resistance which a floating body encounters 
in its motion through the fluid is as the square of the velocity f. 
Now, taking as a basis the known effect of force of traction of 100 
pounds at two miles an hour, let us ascertain what force would 
move the same body at a greater velocity. On a canal, or arm 
of the sea, we have seen that a body weighing 90,000 pounds 
is impelled at the rate of two miles an hour by a force of 100 
pounds ; therefore, to move the same body 

* In Mr. Telford’s estimates for portions of new road between Edin- 
burgh and Wooller, we find the expense to be from one thousand to one 
thousand one hundred pounds per mile, including the price of the ground. 

f See Playfair’s Outline, i. 198; Leslie’s Elements, sec. vii. article “ Be- 
sUtancCy' Encycl. Brit. 

At 
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At 4 niiics ail hour, will require .... 400 pounds. 

At 6 ditto ditto .... 900 

At 8 ditto ditto . , . . 1600 

At 12 ditto ditto .... 3600 

Or conversely 

100 pounds moves 90,000 pounds at 2 miles an hour. . 
or 22,300 at 4 . ditto 

or 10,000 at 6 ditto 

or 5,620 at 8 ditto 

or 2,500 at 12 ditto 

Hence wc see that when we Inave to contend with the re- 
sistance of w’ater, a great increase of power produces but a 
small increase of velocity. To make a ship sail three times 
faster, for instance, we must employ nine times the power; and 
to make her sail six times faster, we must employ no less than 
thirty’-six times the power. Let us suppose, for example, that 
it were required to determine, since one horse draws a boat 
loaded with thirty tons at two miles an hour, how many horses 
would draw the same boat at four miles. We find, first, that 
since the boat is to move /wo times as fast, it will require^/Jw/r 
times the absolute amount of power, or 400 pounds. But a 
horse moving at four miles an hour, pulls only with a force of 
64 pounds. Of course, it would require six horses to exert a 
power of 400 pounds, and move the boat at the rate proposed. 

Let us now see what amount of power will produce corre- 
sponding effects upon a rail-way. And before we make more 
particular inquiry, let us suppose that the retardation occa- 
sioned by friction, instead of increasing as the square of the 
velocity like the resistance of a fluid, increases in the simple 
ratio of the velocity. We have seen, then, that a force of 
traction of 100 pounds upon a level rail -way, moves a body 
weighing 30,000 pounds at the rate of two miles an hour. 
We may hence calculate the effect produced by any greater 
amount of power : — 

30,000 lbs. are moved at 2 miles an hour by a power of lOOlb. 


ai 

4 miles ... 

by 

2001b. 

at 

6 miles ... 

by 

3001b. 

at 

8 miles 

by ... 

4001b. 

at 

12 miles ... 

by 

6001b. 


Or conversely : — 

A powerof 100 pounds moves 30,000 lb. at 2milcs per hour, 

or 15,000lb. at 4 
or I0,000lb. at 6 
or 755001b. at 8 
or 5,000lb. atl2 

Vol. 65. No. 322. Veh\ 1825. T 
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Hence we see tlmt, though a moving force oi- 100 pounds 
produces three times as great an efiect upon a canal as upon 
a rail-wa^ at 2 miles an hour^ diis superiority of the water con- 
veyance IS lost if we adopt a velocity at 6 miles an hour; and 
at all greater velocities the same expenditure of power will 
produce a greater effect upon a rail-way, than upon a canal, a 
river, or the sea. 

This calculation proceeds on the hypothesis that the friction 
increases in the simple ratio of the velocity. Such was the 
opinion of Ferguson, Musschenbroeck, and some other writers ; 
but the more recent and accurate experiments of Coulomb 
and Yince have overthrown this doctrine, and established 
conclusions extremely different, of which the following is an 
abstract*: — 

1. The friction of iron sliding on iron is 28 per cent of the 
weif^ht, but is reduced to 25 per cent after the body is in 
motion. 

2. Friction increases in a ratio nearly the same with that of 
the pressure. If we increase the load of a sledge or carriage 
four times, the friction will be nearly, but not quite, four times 
greater. 

S« Friction is nearly the same whether the body moves upon 
a small or greater sunace ; but it is rather less when the sur- 
face is small. 

4. The friction of rolling and sliding bodies follows nearly, 
but not precisely, the same law as to velocity ; and that law 
is, that the friction is the same for all velocities. 

It is with this last law only we have to do at present ; and 
it remarkable that the extraordinary results to which it leads, 
have been, so far as we know, entirely overlooked by writers 
on roads and rail-ways. The results, indeed, have an appear- 
ance so paradoxical, that they will shock the faith of practical 
men, though the principle from which they flow is admitted 
without question by all scientific mechanicians. 

First. It follows from this law that (abstracting the resist- 
ance of the air) if a car were set in motion on a level rail-way, 
with a constant force greater in any degree than is required to 
overcome its friction, the car would proceed with a motion con^ 
tinually accelet'ated^ like a falling body acted upon ^ the force 
of gravitation ; and however small the original velocity might 
te, it would in time increase beyond any assignable limit It 

* Leslie’s Elements, p. 188, &c,; Playfair’s Outlines, i. 88, Arc.; Journal 
dePkytique, 1786; Philosophical Transactions, 1785. Dr. Brewster has 
given the results of Coulomb’s experiments in u tabular form, in the article 
** Mechanics^* in his Encyclopedia. 
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IS only the resistance of the air ^increasing as the square of 
tile velocity) that prevents this inqefinite acceleration and ulti- 
mately renders the motion uniform. 

Secondly. Setting aside) again) the resistance of the air (the 
effects of which we shall estimate by and by), the very same 
amount qf constant Jorce which impels a car on a rail^'Way at 
2 miles an houTy would impel it at 10 or 20 miles an hotir if an 
extra force were employed at first to overcome the inertia of 
the car and generate the required velocity. Startling as this 
proposition ma^ appear, it is an indisputable and necessary 
consequence of the laws of friction. In fact, assuming that 
the resistance of the air were withdrawn, if we suppose a 
horizontal rail-way made round the globe, and the machine 
(supplied with a power exactly equivalent to the friction) to be 
placed on the rail-way, and launched by an impulse with any 
determinate velocity, it would revolve for ever with the velo- 
city so imparted) and be in truth a sort of secondary planet to 
our globe. 

Now, it would be at ail times easy (as we shall afterwards 
show) to convert this accelerated motion into a uniform mo- 
tion of any determinate velocity ; and from the nature of the 
resistance, a high velocity would cost almost as little, and be 
as easily obtained as a low one. For all velocities, therefore, 
above four or five miles an hour, rail-ways will afford facilities 
for communication prodigiously superior to canals or arms of 
the sea. — Scotsman^ Dec. 8, 1824. 


WEIGHTS AND MEASURES. 

Copy of a Letter from the Commissioners of Weights and Measures, dated 
14th January 1825» to J. C. Merries, Esq., Secretary of the Treasury, 
transmitting a Report of the Progress made in the preparation of the 
Models of the new Weights and Measures. 

London, January 14, 1825. 

Sir — I am directed by the Commissioners of Weights and 
Measures to transmit to you, for the information of the Lords 
Commissioners of His Majesty’s Treasury, the inclosed Report 
from Capt. Kater, stating the progress which he has made in 
the preparation of the models of the new weights and mea- 
sures, in pursuance of the directions contained in your letter 
of the IStn of July 1824, inclosing a copy of a Treasury mi- 
nute, dated the 29th of June 1824, respecting the steps neces- 
sary to be taken for carrying into effect the Act 5th Geo. IV., 
for ascertaining and estab&hing uniformity of weights and 
ineasures. 

In consequence of the delay which unfortunately has oc- 
cufred from the difficulties which have been experienced in 

T 2 the 
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the construction of the new bushel measurCf I am furtlier di- 
rected to submit to ^ou, for the comnderation of the Lords 
Commissioners of His Majesty’s Tr^ury, the propriety of 
bringingf^jn a Bill, immediately aft^^the meeting 'of Parlia- 
ment, tb extend the time fixed by the Act of last Session for 
carrying the provisions of the said Act into execution. 

As Capt. Kater now confidentl}' hopes that the models will 
be completed and deposited at the Exchequer in the course of 
the month of February, the Commissioners are of opinion, 
that if the period at which the new weights and measures arc 
to be declared to be the only standards was postponed from 
the 1st of May 1825 (the day fixed by the Act of last Session), 
to the! 1st of January 1826, sufiicient time would be afforded 
for providing th:; models of the standard weights and measures 
required for the se^ eral counties and corporations of the United 
Kingdom, and for carrying into effect such of the enactments 
of the said Act as are preliminary to the general establishment 
of the new standards. 

I have the honour to be, 

Your obedient humble servant, 

(Signed) George Clerk. 


Having been requested to superintend the construction of 
r the new models of weights and measures, (and very unexpected 
ddays having taken juace in their execution,) I beg to offer 
a short report of the progress which has been made, and of 
the impediments which have occurred. 

On the 16th August, the making of the models of weight 
and capacity ' was confided to Miv Bate, Mr. 1 roughton, in 
consequence of his advanced age, having declined the under- 
taking. Brass being a metal peculiarly liable to injury from 
the atmosphere of London, I directed Mr. Bate to make ex- 
periments on the best combination of tin and copper, which 
might serve as a substitute. These experiments occupied the 
remainder of the month of August. 

In the beginning of September I left London, having pre- 
viously given Mr. Bate ample and detailed instructions re- 
specting every particular necessary for the construction of the 
models. ^ 

On mv return, early in October, I learned from Mr. Bate 
that he had applied to Mr. Donkin the beginning of Septem- 
ber, and that Mr. Donkin had then undertaken to turn the 
models for the bushel; but on the 5th of October, and not 
before, he informed Mr. Bate that he declined the execution 
of^lus engagement. Mr. Bate then proceeded to have models 
for the bushel cast by the best founders in London ; but most 

unexpectedly 
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unexpectedly, out of twelve which were cast in various modes^ 
only one proved sufficiently sound to be employed, the metal, 
on the removal of the-ea£terior crust, appearing full of smalt 
holes, of various sizes. ’I^e attempt to conquer the difl^ulties 
of this part of the work occupied the remainder of Octo- 
ber, the whole of November, and die greater part of Dec^« 
ber. In the mean time Mr. Bate proceeded with the other 
measures of capacity and with the weights ; but as these pre* 
sented no difficulties, his chief attention was directed to per- 
fecting the bushel. 

Two troy pounds were made, which I compared, on the 
28th October, with fhe standard troy pound at Mr. Whittam’s, 
in Abingdon-street. These weights were intended merely as 
the means of obtaining a near approximation to the avoirdu- 
pois pound, and to the weight of a gallon of distilled water. 

On the 20th of December, Mr. Bate reported that he had 
six avoirdupois pounds ready, all the troy weights, and the 
subdivisions of the troy pound to gi*ains. 

It had been my intention to ascertain the capacity of the 
bushel by measurement, and I had employed myself in con- 
structing the apparatus necessary for that purpose ; but as it 
did not appear probable that the difficulties in casting the 
bushel would be speedily surmounted, I proposed, at a meet- 
ing of the Commissioners on the 21st of December, to deter- 
mine the capacity of the bushel by the weight of distilled water 
it should contain, as this, under existing circumstances, would 
be the more accurate method, and would render unnecessary 
that nice attention to figure, which would otherwise be indis- 
pensably requisite. 

All difficulty in the construction of the bushel being thus 
removed, Mr. Bate engaged to deliver to me, on the 1st of 
February, the following models, viz. — four bushels, four gal- 
lons, four quarts, four pints, four troy pounds, one avoirdu- 
pois pound, with sub-divisions to drains, a two-pounds, a four, 
a seven, a fourteen, a twenty-eight, and a fifty-six pounds 
avoirdupois ; four weights, each ecmivalent to the weight of 
a gallon of distilled water, four to tnat of a quart of distilled 
water, and four to that of a pint. These models are intended 
to serve for constant use at the Exchequer, Guildhall, Edin- 
burgh, and Dublin, tlie set of avoirdupois W'cights which will 
be ready by that time being for the Exchequer. Anotl^er set 
of models, superior in point of workmanship, though not in 
accuracy, will be afterwards made, and kept as standards to 
be transmitted to posterity. 

I am in daily expectation of receiving from Mr. Bate a set 
of weights, for the purpose of enabling me to derive the avoir- 
dupois 
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dupois from the troy pound, and thence the weight to be em- 
ployed (n determining tHh capacity pf tbe gallon* 

As no balance exists, either at ;t^jilitit or aj; the Bank of 
England, capable of weighing upwaras of SSO pounds avoir- 
dupois, I have pven Mr. Bate ^e plan of a he$m for this 
purpose, of great simplicity, and which, I trust, will more 
accurl^ than any that has been hitherto made. This beam 
is also to be finished by the 1st of February. 

The standards of lin^r measure have been prepared by 
Mr. Dollond, and are now ready for my final achustment. 

The Commissioners will perceive that no further difficulty 
exists ; and should I receive the models from Hr. Bate by the 
1st of February, according to his eng^ement, I trust I shall 
be able speedily to complete their adjustment^ and that they 
will be ready lor delivery in two or three weeks from that 
period. 

York Gate, Regent’s-park, Henry Kater. 

12th Jan. 1825. 

To the Commissioners of W^hts and Measures. 

Whitehall Treasury Chambers, Feb. 4^ 1826. 

ON THE AGENCY OF PLATINA IN EFFECTING THE FORMATION 
OF WATER. 

If in a tube closed at one end ammonia-muriate of platina 
is heated till completely decomposed, or if a solution of platina 
is treated with metallic zinc, part of the inside of this tube be- 
comes covered with a thin coat of platina which adheres to it 
rathex strongly. If afterwards a mixture of hydrogen and 
oxygen is made to pass under water, into this tube, the com- 
bination of the two gases is slowly effected at a moderate tem- 
perature. The phcenomenon also takes place when these 
gases are put in contact with spongy platina moistened with 
water or with alcohol. If we try to substitute liquid ammo- 
nia or nitric acid for the water or alcohol, the gases no longer 
act upon each other. M. Dcebereiner thinks that this . dif- 
ference of effects is to be ascribed to the water or alcohol 
absorbing the gaseous mixture, and thus effecting immecjiate 
contact with the platina, which does not take place with the 
ammonia or nitric acid. By using vessels covered inside with 
platina, the hydrogen may be completely deprived of oxygen. 
However, it succeras stiu better by putting it in contact, in 
very dry etidioiheters, under mercury, with a porous ball form- 
ed of clay and of platina newly calcined. H* Dcebereiner 
describes a simple apparatus fit for determining with care the 
formation of water by means of platina; 

At a little distance from the opening of a flask of the ca- 
pacity 
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pacity of 4 to 5 cubic inches, a tube is soldered which at first 
is horizontal when the is upright, then descends vertically, 
and is terminated by a joint of copper fitted with a coc^^.^This 
fiask or this vial, (phiole) as the autlior .calls it, is he^eti- 
cally closed by a stopper whose, axis is traversed by a platina 
wire terminating in a porous ball of clay and of platina sponge 
2 to 4 lines in mameter. It is in this part of the apparatus 
that the combustion of the hydrogen takes place. A vacuum 
is at first produced, then the tin piece is screwed on a simi- 
lar piece at the top of a graduated jar containing 60, 90, or 
150 cubic inches, into which the mixture of two volumes of 
hydrogen and one of oxygen has been made to pass. The 
cock of the jar is first opened, not to be touched again till the 
end of the operation ; then the upper cock, which is almost as 
soon shut: tne part of the gaseous mixture which has passed 
into the flask enters directly into combustion; the water 
trickles along the sides, the platina becomes incandescent, and 
the vacuum is formed anew. The metal being sufficiently 
cooled, a new quantity of hydrogen and oxygen is introduced, 
and so on. To prevent all danger of the graduated jar being 
broken by the current of gas oecoming inflamed, it is only 
necessary to place a ball of the same capacity as the flask be- 
tween the two parts of the apparatus, and never to establish 
the communication excepting successively from one recipient 
to the other. — Bulletin des Sciences^ No. 12. 
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Thermom. lUin. . 


1824. 

Wet. 

E. 

S£. 

S. 

SW. 

W. NW.N. 

N£?Low. Iliffh.Med. In. 

Sept. 10 

20 

.... 

4 

6 

6 

2 3 3 

6 

47 73 64 3i 

Oct, 9 

22 

... 

5 

9 

5 

5 5 0 

2 

41 65 54 5 

Nov. 6 

24 


1 

3 

15 

5 5 0 

1 

40 58 49 3J 

Dec. 16 

15 

— 

0 

2 

11 

12 4 0 

2 

36 53 44 3i 


The mean temperature of the last year is .... 53A 

The mean temperature for 30 years is 52|| 

Quantity of water for the last year is 39^ 

being the largest quantity for the lost 24 years. The 
year 1812 approaches the nearest to it, the quan- 
tity being llien . 32| 

The mean quantity of water for 24 years is . . . 25| 


LIST 
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LIST OF NEW PAj^ENTS. 

To Francis Melville^ of Ai^le-street,' Gla^oWf piano-forto luoker, for 
his improved method of securing the small piano-fortes commonly called 
** square piano-fortes” from the injuries to wnich they are liable from the 
tenrion of the strings, — Dated 18th January 18;25,— 6 months to enrol 
specification. 

To Edward Lees, and George Harrison, brick-maker, of Little Thurrock, 
Essex, for an improved method of making bricks, tiles, &c.-r>]st February. 
— 6 months. 

To John Thin, of Edinburgh, architect, for a method of constructing a 
roasting-jack. — Ist February.— 2 months. 

To Samuel Crosley, of (Cottage Lane, City Road, Middlesex, for certain 
apparatus for measuring and registering the quantity of liquids passing from 
one place to another. — Ist February.— 6 months. 

To Samuel Crosley, of Cottage Lane, City Road, Middlesex, for an im- 
provement in the construction of gas regulators or governors. — 1st Feb. — 
6 months. 

To Timothy Burstall, of Bankside, Southwark, and John Hill, of Green- 
wich, engineers, for a locomotive or steam carrisigc. — tld Feb. — 6 months. 

To George Augustus Lamb, D.D., of Rye, Sussex, for a new composition 
of malt and hops. — 10th February. — 6 months. 

To Richard Baduall junior, of Leek, Staffordshire, silk-manufacturer, 
for improvements in the winding, doubling, spinning, throwing, or twist- 
ing of silk, wool, cotton, &c. — 10th February.— 6 months. 

To John Heathcoat, of Tiverton, Devonshire, lace-man ufacturcr, for 
improvements on the method of manufacturing silk. — Utli February,— 
0 months. 

To Edward Lees, of Little Thurrock, Essex, for improvements in water- 
works, and in the mode of conveying water for the purpose of flooding and 
draining lands, applicable also to other useful purposes. — 19th Fcbrimrv.— 
<5 months. ‘ ' 

To Thomas Masterman, of the Dolphin Brewery, Broucl-slreet, Ratcliffe, 
Middlesex, brewer, for an apparatus for bottling wine, beer and other 
liquids, with increased economy and dispiUch. — I9th February.— 2 months. 

To Edmund Lloyd, of North End, Fulham, Middlesex, for a new ap- 
paratus from which to feed fires with cpals and other fuel. — 19th February. 
—2 months. 

To Benjamin Farrow, of Great Tower-street, London, ironmonger, for 
improvements in buildings, calculated to render them less likely to be de- 
stroyed or iniured by fire than heretofore.— 19th February. — fi months. 

To Jesse Ross, of Leicester, hosier, for a new apparatus for combining an<l 
straightening wool, cotton, and other fibrous substances.— 19th February. 
—6 months. 

To Jacob Mould, of Lincoln’s Inn Fields, Middlesex, for improvements 
in fire-arms communicated from abroad.— 19th February. — 6 months. 

To Henry Burnett, of Arundel-^rcet, Middlesex, for improvements in 
machinery ior a new rotary or endless lever action : — communicated from 
abroad.— HIth February.-^ months. 

To John Beacham, of Paradise-street, Finsbury-square, cabinet-maker, 
for improvements in water-closets.-^ 19th February.— >2 months. 

To James Ayton, of Trowse Millgate, Norfolk,' miller, for an improve- 
ment or spring to be apfilied to bolting mills, for the purpose of facilitating 
and improving the. dressing of flour and other substances. — 19tli February. 
— 6 months. 
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ANNUAL RESULTS FOR 1824. 

, Barometer. Inches. 

Greatest pressure ofatmosphere, May 27, Wind N.W. 30*640 
Least ditto ditto Nov.23d,WindS.S.W. 28*470 

Range of the mercury 2*1 70 

Annual mean pressure of the atmosphere .... 29*869 

Mean pressure for 173 days, with the moon in North 

declination 29*855 

Mean pressure for 183 days, with the moon in South 

declination 29*837 

Annual mean pressure at 8 o’clock A.M 29*864 

at 2 o’clock P.M 29*866 

■ at 8 o’clock P.M 29*875 

Greatest range of the mercury in November ... 1 *720 

Least range of ditto in August .... 0*770 

Greatest annual variation in 24 hours in January . 0*980 

Least of the greatest variations in 24 hours in July . 0*420 

Aggregate of the spaces described by the rising and 

falling of the mercury 83*120 

Number of changes 275* 


Self-registering Day and Night Thermtmeter. 

Greatest thermometrical heat, Sept. Sd, Wind W. . 79® 

cold, Jan. on 3 different nights 25 

Range of the thermometer between the extremes . 54 

Annual mean temperature of the external air . . 52*01 

ofdo. atSA.M. . . . 51*11 

of do. at 8 P.M. . . . 50*94 

of do. at 2 P.M. . . . 56*73 

Greatest range in September 41*00 

Least of the monthly ranges in February . . . 21*00 

Annual mean range 29*90 

Greatest monthly variation in 24 hours in June and 

August 24*00 

Least of the greatest variations in 24 hours in Feb. 14*00 

Annual mean temperature of spring water at 8 A.M. 50*63 

De Luc’s Whalebone Hygrometer. Degrees. 

Greatest humidity of the atmosphere on the 22d Jan. 93 
Greatest dryness of ditto on the 23d May .... 33 

Range of the index between the extremes .... 60 

Annual mean of the hygrometer at 8 o’clock A.M. 66*6 

at 8 o’clock P.M. 68*1 

— ' at 2 o’clock P.M. 59*7 

■ ■ — at 8, 2, & 8 o’clock 64*8 

U 2 Greatest 
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Greatest mean monthly humidity of the atmosphere Deg. 


in December T^-l 

Greatest mean monthly dryness of the atmosphere in 

July 54 ’0 

Position of the Winds. Days, 

From North to North-east ...... 41 

— North-east to East 41^ 

East to South-east 25^ 

— » — South-east to South 37^ 

— South to South-west 23| 

South-west to West 81 

West to North-west ..... 50^ 

— — North-west to North ..... 65 

366 

CloudSy agreeably to the ’Nomenclature ; or the number of days 
on which each modfkation has appeared. 

Days. 

Cirrus 225 

Cirrocumulus , 133 

Cirrostratus 324 

Stratus 26 

Cumulus 202 

Cumulostratus 104 

Nimbus 232 

General State of the Weather. Dajns. 

A transparent atmosphere without clouds • 31 

Fair, with various modifications of clouds . 147 

An overpast sky, witlioutrain 102 

Foggy • 5^ 

Rain, hail, snow, and sleet 80 f 

366 

Atmospheric Phcenmnena. 

Anthelion, or mock-sun diametrically opposite No. 

to the true sun 1 

Parhelia, or mock-suns on the sides of the 

true smi 20 

Paraselense, or mock -moons 7 

Solar halos 23 

Lun^ halos 16 

Rainbows, solar and lunar 20 

Meteors of various sizes 100 

Lightning, days on which it happened • . 8 

Thunder, ditto ditto ... 4 

Evaporation. Inches. 

Greatest montlily quantity in July . . . 5*58 

Least 
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Least monthly qaantity in January .... 0'77 In. 

Total amount for the year 32*75 


Rain. 

Greatest monthly depth in November . , 5*305 

Least monthW depth in January .... 0*990 
Total depth ror the year near the ground . 40*057 
Total depth for the year 23 feet high . . 35*549 

N. B. The barometer is hung up in the observatory 50 feet 
above the low-water mark of JPortsmouth Harbour ; and the 
self-registering horizontal day and night thermometer, and De 
Luc's whalebone hygrometer, are placed in open-worked cases, 
in a northern aspect, out of the rays of the sun, 10 feet above 
tlie garden ground. The pluviameter and evaporator have 
respectively the same square area : the former is emptied every 
morning at 8 o'clock after rain, into a cylindrical glass gauge 
accurately graduated to quantity 

lost by evaporation from the latter is ascertained at least every 
third day, and sometimes oftener, when great evaporations 
hap])en by means of a high temperature and dry northerly or 
easterly winds. 

Barometrical Pressure. — The maximum pressure was 
higher this year by ^*yth of an inch than it was in 1825, and the 
minimum pressure was less by -/^th of an inch. The mean 
pressure this year is y^^^ths of an inch less than that of last 
year, but it agrees witli the mean pressure for the last 10 years 
within 5s of an inch. The aggregate of the spaces de- 
scribed by the alternate rising and falling of the mercury is 
3^ inches greater than that of last year ; and the number of 
changes is 21 more. — For 173 days in which the moon ranged 
in North declination, the mean pressure was y^jyths of an inch 
greater than that in the 1 83 days in which she ranged in South 
declination. 

Tlie mean barometrical pressures for the last sixyearsj while 
the moon was in North and South declination, are as follow : 
With the moon in North declination . 29*885 inches. 


With the moon in South declination . 29*845 inches . 

Increased pressure for her position North 1 

of the Equinoctial J 

Here I must observe that this difference of ^^yth of an inch 
in the elevation of the barometer, by the superior weight of 
the atmosphere while the moon was in north declination, is 
not sufficient, in a local point of view, to produce any sensible 
effects over the atmosphere in respect to the weather in this 
latitude; and that the difference in the course of a longer 
series of years might, perhaps, become inconsiderable, and 

thus 
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thus annul the idea of the existence of a superior pressure by 
the Moon’s influence in either hemisphere. I am supported 
in this opinion from similar observations having been made 
by Luke Howard, Esq. F.R.S., in the years 1807 and 1816; 
as in both these years the mercury in his barometer is said to 
have been nearly as high again as the above resulting differ- 
ence, while the moon was in south declination . — At some future 
time more may be said on this subject. 

Temperature. — The mean temperature of the external 
air a few feet from the ground this year is of a degree 
more than that of 1823, and is /yths of a degree higher than 
the mean temperature for the last eight years. — Although July 
was the hottest month, yet the maximum temperature did not 
take place till the 3rd of September : it has not occurred so 
late in the summer as this since the year 1815, and very ge- 
nerally takes place in June, when the sun is nearly at nis 
greatest north declination, before or after entering the sign 
Cancer. 

From the great quantity of rain that has fallen this year, 
and the abundant floating vapours, the strength of the sun’s 
rays on the surface of the earth seems to have been diminish- 
ed ; for the mean temperature of spring water has fallen short 
of its yearly average, and for the last four years at 8 A.M. is 
^l-ths of a degree less than the mean temperature of the air for 
the same period. 

The mean state of the hygrometer tliis and the preceding 
year coincides within three-tenths of a degree ; and the means 
of the observations thereon at 8 o’clock A.M., in both years, 
exactly agree. 

Wind. — In comparing the scales of the prevailing winds in 
1823 and 1824, there appears to be a near accoruance, ex- 
cept in the North and North-east winds, which have blown 
comparatively longer from these points of the compass. 

The following is the number of strong gales of wind, or 
days on which they have prevailed this year : 


N. 

N.E. 

E. 

S.E. 

s. 

S.W. 

W. 

N.W. 

Days. 

7 

14 

4 

5 

9 

45 

6 

10 

100 


The gales from the south-west point, as usual, are nearly 
half the number in the scale. 

Clouds.— The following is a correct scale of the clouds 
agreeably to the nomenclature, being the number of days on 
which each modification has appeared during the last eight 
years, ending with 1824. ' Cirrus. 
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Cirrus. 

Cirro- 

cumulus. 

cirro- 

stratus. 

Stratus. 

Cumulus. 

Cutiiulo- 

stratus. 

Nimbus. 

1622 

-1334 

2260 

276 

1498 

1461 

1681 


By these curious results, we find that the cumulus and 
mulostratus approximate nearest in number : the former is a 
fair-weather cloud, and evaporates at or soon after sunset when 
the atmosphere is not in a humid state ; the latter is generally 
a prognostic of an approaching change in the state of the at- 
mosphere. Next to these, the cirrus and nimbus approximate 
nearest in number : the cirri are precursors of, and very ge- 
nerally become the crowns of, the passing nimbi. The re- 
spective electricities they at all times possess, are positive and 
negative^ and the rain is induced by their inosculation, gravity, 
and electric effluvia. Of all the modifications of clouds, the 
ciri'ostratm^ it will be perceived, prevails most, being fre- 
quently formed from the descending cirrus^ and sometimes 
from the cumulus^ when changes are about to take place in the 
direction of the winds, and in the temperature of the atmo- 
sphere. The proportional appearance of the cin'ostratus to the 
cin 2/5 is as 1 1 3 to 8 1 . The cirrommulus and stratus are also 
fair-weather clouds ; the former is an indication of increasing 
heat, and is generally transformed into cirrostratus with a 
moist wind ; and the latter into nascent cumulus^ after sunrise. 

Weather. — The year, although not cold, was generally 
wet and windjr, particularly the last four months, during which 
time many ot the vales and low parts of England were often 
under water, which occasioned the loss of both lives and pro- 
perty to a considerable amount. There has been rain, more 
or less, on 232 days ; but 80 days and nights is the time it 
has rained. 

The hurricane that blew across this country on the 22d and 
23d of November last will be long remembered, from the 
great loss in wrecks along the southern shores. It was felt 
powerfully in the Western Ocean at the same time. 

Nothing peculiar has occurred this year in the appearance 
of atmospheric and meteoric phenomena. 

About six minutes before 2 o'clock in the afternoon of the 
6th of December, a shock of an earthquake was very generally 
felt in these towns and neighbourhood ; also at-Havant, Ems- 
worth, Chichester, Bognor, and Arundel, that is, in the di- 
rection of from S.W. to N.E. It was accompanied with a 
rumbling noise, and put both light and heavy furniture in a 
tremour about five or six seconds of time, It is now about 
twelve years since the last shock was felt here, which occurred 
in the night, and was more violent than this one. 
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XXV. On the Method of the Least Sqiiares. By J. Ivory, Esq>. 
M.A. F.R.S. 

[Concluded from p. 88.] 

4. A DMITTING the expression for the probability 
of an error, we may both demonstrate the rule of the 
least squares, and determine the form of the function, by the 
following short process ; 

Let P stand for the product, 

f • ♦ (^*) • 0 

then the most probable system of the errors will be found by 
the equations which make P a maximum, viz. 


dP 

tlx 


= 0 , 


dP 

dy 


= 0, &c. 


Now, n being the number of the errors, we have 

log. — 

P s= /I " c * " • 

but log. ~ = log. ^ 

Again, by expanding we get 

= 1 — h*e* — ge* — &c.; 

wherefore, log. 

Hence log. ^g — &c.: 

and, by substituting this value in the foregoing differential 
equations, we get, 


A* 


d.S.ei 
' d 
d.S.tf* 
dy 


l.c* , / ^ \ d.S.e* , 


+s«. 


But as we are not now in search of a mere mathematical 
Vol. 65. No. 323. March 1825. X Tlieory, 
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Theory, we must choose in the general expressions those parti- 
cular ceases only that are capable of being applied practically, 
and that are not too complicated for real use. The calcula- 
tions would become impracticable if the equations to be solved 
passed the first degree. If, therefore, we only retain the parts 
of the foregoing equations which are of one dimension with 
respect to tne errors, we shall get 


d • S . e < 
dx 


= 0 , 


d. S.e* 
dy 


= 0, &C., 


and this proves that the value of S.e* must be a minimum. 
The same simplification leads to the equation, log. = 


—A* 6®; whence 




The foregoing investigations are at least clear and simple. 
It follows as an unavoidable consequence, that if we adopt the 
rule of the least squares as the most advantageous determina- 
tion of a system of errprs, the law of probability can be no- 
thing else but the function On the other hand, when 

we apply the doctrine of probabilities to find the most advan- 
tageous method of combining a set of errors, we shall fall 
upon the method of the least squares, if the chance of an 

error be expressed by the function \ but if the law of 

the errors be different, the same rule will no longer be true. 
The two things are necessarily connected, in so much that 
the one leads exclusively to the other. The method of the 
least squares cannot possibly be true in any other law of jiro- 
bability than the one we have mentioned. 

Now the conclusion which has just been stated, is directly 
at variance with what Laplace has determined in the Thcm ie 
Analytique des Prohnhiliies^ liv. 2. cap. 4?. § 20. In a system 
consisting of a great number of observations it is proved, in 
the work we have cited, that the rule of the least squares 
ought to be employed whatever be the law of the chance of 
an error (p. 321, 3d edition). It is the generality of the con- 
clusion that chiefly constitutes the merit of this demonstra- 
tion. It must be added, that M. Poisson, who has lately 
treated the same subject in the Connaissance des Terns 1827, 
has arrived at the same conclusions with Laplace, which arc 
thus confirmed. All other authors likewise acquiesce in the 
result of Laplace’s investigation, and admit that die rule of 
the least squares may subsist with different laws of probability. 
Every authority is tnus directly opposed to the opinion I have 
ventured to express. The words of the poet, 

Nulliiii addictus jurare in verba magistri,** 

contain 
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contain a maxim wHich ought to have greater force in the 
mathematics than in any ouier branch of learning. But it 
might not be found altogether devoid of truth, if ive were to 
affirm that, in the present times, the voice of authority has a 
more decisive influence in that science than in any other. It 
is so much easier to approve or disapprove on the credit of a 
few great names, than it is to find the skill and the patience 
requisite to examine a knotty point of abstract science. 
Having always exercised nny own judgement in such specula- 
tions, I shall claim the same privilege in the present instance; 
and I doubt not to be able to prove in a satisfactory manner, 
that Laplace’s demonstration is not general, as it is stated to 
be, but is really confined to the particular law already men- 
tioned. 

It will be sufficient for the purpose I have in view to consi- 
der the simplest case of Laplace’s investigation, that for finding 
one clement by means of a set of equations of condition: liv. 2. 
cap. 4?, No. 20. It is assumed that the errors are determined 
by the equation S . Xc = 0, that is, 

Xe -f X'c' + X'V' H- &c. = 0, 

where X, x', x''* &c. are integer numbers bearing any propor- 
tions to one another ; and die scope of the investigation is to 
determine these factors so as to obtain the most advantageous, 
or the most probable, system. The author goes back to the 
first principles of the doctrine of probabilities, or to the theory 
of combinations ; and he investigates the chance that the func- 
tion S . X c shall have a given value L If we adopt the nota- 
tion used here, and write for , the expression of the 
probability sought, found in p. 517, 3d edition, is this, 

Again, if we substitute the values of the errors given by the 
equations of condition in the equation S.Xc = 0, we get the 

value of the element x equal to ; and if we substitute 

+ u for Xf in the equation S.Xe = we shall get 
Iss u X S . Xa. 


The foregoing expression therefore becomes 


h 

A/*rS.X« 


c 


(S.Xa)^ 

S.xa 




f 


* As the letter m, which Laplace uses for the coefficients of the errors, 
is pre-occupied in the equations of condition, it became necessaiy to intro- 
duce Brother letter here. 

X 2 and 
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and it is proportional to the pi*obability of u. To find the 
fraction equal to the absolute chance, we must divide the fore- 
going expression by the sum of all the probabilities for every 
possible value of u, that is, by the value of the integral 

- -- .ftlur. , 

taken between the limits ± cv?. The integral is equal to 
; and hence the absolute probability of u is equal to 

(S.Xrt)a 2 

Now if we put t/ = 0, the value of the above expression is 
X ’^=-9 which is therefore the probability that the ele- 
S Xrt 

ment x is equal to or that the errors of observation coin- 
cide with the system S. = 0. The factors X, x', x" &c. must 
next be determined so as to make the probability a maximum, 

or so as to make — a minimum, which is the conclusion 

Si • A a 

Laplace has arrived at, p. 319, by considering the matter a 
little differently. It is found that the maximum will take place 

when fL — — — ill Xrr • 

and consequently the most probable system of errors is found by 
the equation S.ae = 0, which is the condition that makes S.c^ 
a minimum. It is to be observed too, that no step of the in- 
vestigation depends upon the value of A, or upon the law of 
probability, which is left indeterminate. 

The foregoing reasoning is detailed particularly in order 
to prove clearly, what might have been inferred from the ana- 
lysis of Laplace, that the system of errors S.ae = 0, is more 
probable than any other system S. Xe = 0, in which X, x', x" 
&c. are not all in the same proportion to a, a', a" &c. Now 
this being proved, I say, that the law of the probability . of an 
error is thereby fixed, and no longer remains ' indeterminate, 
as stated hv Laplace. Let <p{e*) denote the probability of the 
error e ; then the probability of any system, or the probabi- 
lity of the simultaneous existence of the errors Cj e'" tStc. of 
that system, is equal to 

(/*).?(/'*) &c. = -^-» 

the letter H representing the sum of all the values of P for 

every 
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every possible system. It has been shown that the product P 
has a maximum value determined by the equation 


ct ^ 


de* ) 


&c. = 0 


(B) 


Now it is plain that (B) will coincide either with some system 
S.Xc = 0, the numbers X, x', x" &c. not being all in the same 
proportion to a, a" &c. ; or it will coincide with the par- 
ticular system S.ae =0. The former will be the case when 

xjontains c, and conseciuently has different values 

for the several errors ; the latter will be the case when the 
same function is equal to a constant quantity. The equation 
(B), in which are contained all the most probable systems, 
cannot coincide with any case S . Xc = 0 ; for then, according 
to the demonstration of Laplace, the probability would be 
less than in the system S.flc = 0, v.hich is absurd. There- 
fore the only supposition that can possibly be true is the iden- 
tity of (B) with 8.ac = 0. But this requires that 


and consequently, ^ it c 

Since the equation = 0, makes the function S.e* a 
minimum, it follows incontestably, from the demonsti'ation of 
Laplace, that the minimum of S.c’ must coincide with the 
maximum of the product P ; which is the same condition to 
which we have already brought the determination of the pro- 
bability of an error by a different mode of reasoning. There- 
fore the investigation of Laplace, whatever merit it may have 
in other respects, is neither more nor less general than the 
other solutions of the problem. 

The analysis of Laplace is different from that of other ma- 
thematicians in reversing the order of investigation. It has 
been most usual to begin widi seeking the law of the proba- 
bility of an error ; and, when this is found, the chance of a 

f iven combination of the errors is derived from it. Laplace 
egins with computing the chance of a given combination of 
the errors by means of the doctrine of combinations ; but it 
is manifest that the result obtained, when compared with the 
equations supposed to subsist between the errors, leads to a 
particular law of probability. Upon the premises laid down, 
both methods lead to the same conclusions, and the demon- 
strations obtained in both ways are equally extensive. The 
investigation of Laplace is more analytical and more philoso- 
phical, as it requires no previous discussion of the law of the 
probability of an error ; but, oh the other hand, it is confined 

to 



16 G Mr. Ivory on the Method of the Least Squares* 

to the case of a great number of errors, in order to render the 
calculations practicable. 

Thus, if we apply the doctrine of probabilities to find the 
most advantageous way of combining a set of observations, 
and likewise require that the final equation must be one of 
the first degree, we are invariably led to the method of the 
least squares, and to the law oi probability expressed by 

the function in whatever way we pursue the investi- 

gation. It must therefore be allowed that the evidence we 
have for one of these two things is just the same as that w^hich 
can be obtained for the other. If it can be well proved that 
the particular law of probability will belong to every set of 
observations, the rule of the least squares will be firmly esta- 
blished ; but if hardl}' any good reason can be alleged in sup- 
port of the first, the other will rest on foundations equally 
feeble- When the investigation of Laplace is understood in 
all the generality that, I apprehend, has hitherto been ascribed 
to it, the proof of the method of the least squares is as strong 
and convincing as the nature of the case will admit ; because 
among all the laws of probability that can be imagined, there 
must be one that will nearly apply to the errors of any set of 
observations in which only an ordinary degree of regularity 
is supposed to prevail. But the complexion of the proof is 
entirely changed when it is shown that the author’s reasoning 
takes in only one particular law. 

What has now been said justifies the view taken of this 
theory in the foregoing researches. The proof of the method 
of the least squares by means of the doctrine of probabilities, 
being entirely supposititious and mathematical, is insufficient 
and unsatisfactory ; and we must therefore seek a better sup- 
port for it in the nature of the equations of condition. I have 
already given two different demonstrations independent of the 
laws of chance. On re- considering these I do not find that 
any thing material can be added to the second ; but some con- 
siderations that have occurred since the first was written seem 
to render it more complete. 

If, as in the first demonstration, we conceive the weights 
a!^ &c. to be in equilihrio when suspended from the 
levers e\ &c., it is obvious that the equilibrium will not 
be disturbed. If all the errors increase or decrease in the same 
proportion. Now, when the errors vary in this manner, there 
can be no manner of doubt that the most advantageous sys- 
tem is ^at which makes the sum of their squares a minimum. 
Suisse next that the errors vary, but not all in the same pro^ 
portion; the equilibrium will be destroyed, and the force of 

preponderancy 
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preponderancy may be estimated by the distance, from the 
common fulcrum, of the centre of gravity of the weights hang- 
ing from their new points of suspension. But whatever the 
supposed variations are, it will be admitted that the errors 
may undergo opposite variations, so as to acquire an equal 
and contrary preponderancy; and it is obvious that the system 
of the least squares is an exact mean between the two oppo- 
site systems. We cannot therefore but conclude that the 
system in which the sum of the squares is a minimum, which 
occupies the mean place among all the possible systems, is 
preferable to every other. 

When the rule of the least squares is demonstrated in a 
satisfactory manner from the nature of the equations of condi- 
tion, it has been shown that the errors can follow only one 
law of probability. But it would be in vain to attempt to 
verify this law in a direct manner, or to show that the errors 
of any set of observations exactly agreed with it, or even ap- 
proximated to it. A very cautious inquirer might therefore 
wish to comj^arc the results obtained by the doctrine of pro- 
babilities with the like results deduced immediately from the 
equations of condition by the ordinary processes of investiga- 
tion. There is no doubt that a very exact coincidence would 
be found between the conclusions deduced from the two me- 
thods ; but we cannot enter upon this discussion. 

The practice which is universally followed of taking the 
arithmetical mean of a set of observations is comprehended 
in the general method we have been considering, as we have 
always suf)po.sed ; for it is the particular case when the weights 
fir, a\ a" &c. are all equal, and the sum of the errors is equal 
to zero. It may not, however, be improper to prove this more 
particularly; and for this purpose we must go back to the 
original meaning of the symbols. Wc have 
c = V-o 

V = V'+ ~je = Y + ax: 

<l X 

now when or remains invariable from one observa- 

ax 

tion to another, the value of V will likewise be constantly the 
same. Wherefore the errors are resiiectively 
e = V-o 
€» = V - o' 
c«=V-o" . 

&c. 

and when the sum of the errors is zero, their number being 
», we obtain y » 4- -j- , 


n 


In 
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In conclusion, it may not perhaps be improper to assi^ 
the reason why the analysis of Laplace coincides exactly with 
the particular law of probability. It arises from the approxi- 
mation employed by the French geometer ; according to which 
the squares only of the errors are retained in the expressions of 
tlie probabilities, the higher powers being dismissed. There is 
thus the most perfect agreement between the results obtained 
both ways ; a convincing prooi^ in point of fact, that the two 
methods are fundamentally the same, and are different only 
in the mode of investigation. 

March 1825. JaMES IvOIlY. 


XXVI. An Account of the Earthquakes which occw'red in Sicily 
in March 1823. Ry Sig. Abate Ferrara, Professor y 
Natural Philosophy in the Univei'sity of Catania^ ^c. Sf‘c* 

[Concluded from p. 100.] 

, Physical Observations. 

\^HEN the people about .SItna perceived their houses be- 
ginning to shake, they turned their eyes towards the 
volcano, and waited in expectation of an immediate eruption. 
And while they looked, fearful apprehensions filled their minds, 
and they prayed that the even^ be it what it would, might 
take place at once. 

The philosopher, who observes the phsenomena of nature 
for the sake of reducing to the same class those of an analo- 
gous origin, and thence to deduce them from the same cause, 
observes the link which connects earthquakes with volcanic 
operations, and sees with the ignorant vulgar those mighty 
forces preparing in the subterranean furnace, which are able 
to put in motion immense masses of the solid globe, and to 
agitate them as water is agitated by a violent wind. The 
eruption of JEtim in 1811 was interesting from the grandeur of 
the spectacle which it presented, and no less so from the in- 
struction which it conveyed to the naturalist. A new open- 
ing was made on the surmce of the mountain. Explosions of 
.tremendous force preceded the emission of. immense columns 
of smoke and inflamed masses of matter, which were inces- 
santly belched out towards heaven, and whose approach was 
announced by horrid roarings and explosions which filled the 
air to a great distance. Each explosion was accompanied by 
shocks ; and as the interval between them was but of a few 
minutes duration, the city and country to a vast extent were 
in a continued undulation. .For many days at Catania, eigh- 
teen 




^hkh occwred in Sicily in March 1823. i69 

teen miles distant^ we were rocked as though we had been 
upon the sea. Some of the shocks were very violent. The 
door of my chamber, which I left purposeW a-jar, kept a con- 
tinued beating against its side posts. Ine shocks lasted as 
long as the volcano was in' operation; and when the external 
phaenomena disappeared, the internal fire not being yet ex- 
tinguished! deep subterranean rumblings and explosions were 
beard, and shocks felt at each report. 

When the fire invests substances, it rarefies their masses to 
a great degree; the acquisition of new volume produces a pro- 
portionate expansion ; and under the action of an enormous 
accumulation of inflamed matter, a passage is made for it with 
sudden and fearful energy. The expansion of water, for ex- 
ample, under a medium pressure of the atmosphere, is 1728 
times its first volume, and it increases in the ratio of the heat. 
At 110^ of Reaum. the pressure is equal to four atmospheres 
only. The explosion of a single barrel of gunpowder shocks and 
overthrows the whole vicinity. If, then, a subterranean stream 
of water happens upon places where volcanic fires are burning, 
it is at once converted into steam, acouires a density propor- 
tioned to the resistance of tlie mass of earth above it, circju- 
lales about, and agitates the most solid mountains and great 
tracts of land, until, losing its heat in the cavities of the earth, 
it returns to the state of water, without having given any ex- 
ternal marks of its existence. It seems that the return of the 
terrible phaeiiomenon is owing to the flow of water into places * 
on fire — of water, the streams of which are determined only 
by accidental causes. 

The vast furnace in the interior of the earth being inflamed, 
the fire attacks every thing exposed to its influence : some are 
liquefied, while others are converted to vapour ; these, deve- 
loping their volumes, form a system of force moving with im- 
measurable power. The subterranean cavities, little able to 
contain them, are violently convulsed in all their dimensions ; 
and this effect is transmitted by the solid earth to distances 
proportioned to the quantity of force, to the transmissive power 
of the body moved, and to various local circumstances favour- 
able or otherwise to the propagation of motion. After having 
combated with the obstacles which oppose roaring under the 
earth like the winds of iEplus, to find an oudet from the places 
in which they were produced, they circular in various cauals, 
until a cold temperature deprives them of file heat which .^ve 
them such power, and they sink into their former state; Often, 
however, they drive before them th^ which the heat 

has liquefied ; ,and' uiging It towards' Sj^^^'tocient .mpuths of 
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volcanos, belch it out in flaming rivers in the midst of the ter- 
rible phenomena which they themselves produce*. 

Urged by the passion for observation, I have often descended 
into the horrid cavity of the crater, and approached near the 
blazing brink of the new orifices which have vomited forth 
streams of fire in my own time : I have seen immense torrents 
of aqueous vapour urged from the vast chimney, whose base 
is lost in the deep furnaces below ; I have been bathed in the 
water to which the vapour was reduced by the low tempera- 
ture of the atmosphere into which it entered ; often have 1 
seen it fall in fine showers all around me. Having penetrated 
into the recesses of the globe, it is in this manner forced out 
again by the heat to which it is exposed. I have observed 
the hydrogen gas, one time burning with its peculiar colour, 
at another, bursting forth with a Toud deep explosion ; the 
sulphuric and muriatic vapours whitening the immense clouds 
of smoke, and filling all the air with their suffocating breath ; 
or, seizing upon the solid substances around, remaining fixed 
upon them. Fused substances, forced up by the elastic va- 
pours, arc disgorged from the same mouths, spread about 
in torrents of fire, and consolidated by the contact of the 
air. Is it not possible that the seat of these products may 
be extremely deep, and that yet they may reach the sur- 
face ? Who knows but in other places, those grand labora- 
tories of nature, from causes which will always elude our in- 
vestigation, may be so deeply seated, that their productions 
never arrive at the surface ; and that no other evidences of 
their existence, no other effects of their action are perceptible, 
than the shaking of the earth, and the* rumblings which the 
aeriform elastic vapours make in the cavities of the earth f. 

• III niy “ Description of iEtna,” I have proved that the furnaces to this 
volcano cannot be under the foundation of the mountain, but at various 
distances from it. The immense vaults, which must have been formed 
after so many ages of conflagration, would, at the first violent shock, have 
swallowed up the whole mountain ; and the combustible materials would 
have been exhausted in so small a circumference. The inflamed matter 
in different situations, from causes established by long usage, flows towards 
i^tna, and is ejected by it. Seneca {Epis, 79) acknowledged this truth ; 
" ignem in ipso monte non aliraentuin, sed viam habere.” 

f The deficiency of volcanos in any place ought not to be made an ar- 
gument against the existence of igneous fermentation under that place ; 
since it may be placed at a great 'depth, or at least not be sufficiently large 
to form an eruption. And indeed, notwithstanding the numerous volcanos 
which have burnt at one time or other, in almost every region, may it not 
be possible that there is still but one great reservoir of fire, the remains of 
that which in remote ages has burst out in Portugal, Spain, the South of 
France, Italy^ the isl^^ of Great Britain, Germany, Bohemia, about the 
Bosphorus, on theCoasra of Asia, and in many other places? 

Three 
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Three principal furnaces have their outlets on tlie three 
sides of Sicily, and each with a force proportioned to the cir- 
cumstances which supply it with combustible matter, ^tna, 
on the eastern side, by the immensity of its power rules the 
whole island. When in full action, the island trembles to its 
foundation, and feels the mighty power which has borne rule 
there from time immemorial. Its roarings are heard from 
one extremity to the other ; but the parts most agitated are 
those in its neighbourhood and those between it and Cape 
Passora, a space of about a hundred miles. 

The mountain of Sciacca,on the southern shore towards the 
west, seems to cover a place where the elements have been in 
ceaseless operation for ages. From dark caverns which open 
in the more elevated parts, torrents of water in the form of 
heated vapour, with sulphurous gases, are ejected. Having 
penetrated into the internal recesses, but unable to extinguish 
the fermentation, the water becomes invested with fire, is con- 
verted into vapour, and thus exhaled into our atmosphere. 
The extrication of the steam causes in the internal caverns a 
deep roaring, and ofien fearful convulsions felt at a great di- 
stance. At such times Sciacca, at the foot of the mountain, 
experiences the most violent commotions. In 1578 it was re- 
duced to ruins. In 1652 for fifteen days it suffered the most 
severe and unremitted shocks. For some months in 1 724? the 
earth was so frequently and violently digitated that all the in- 
habitants fled into the country. In September 1 726 all the 
western part of Sicily was shaken with the greatest severity ; 
and in Palermo at that time many lives were lost and many 
edifices destroyed. In June of 1740 Sciacca felt 22 shocks, 
with injury to buildings and loss of lives ; that of the 25th was 
of such immense force that it extended as far as Palermo. 
After the middle of December 1816 the inhabitants heard 
extraordinary rumblings under the mountain ; and in January 
of the succeeding year the shocks were so frequent, that 12 
were sometimes counted in one day,, and so violent that it 
seemed that the foundations of buildings must be rooted up — 
the rumblings and explosions under the mountain became 
fearfully loud — and the sea dashed in great waves against the 
shore at its foot. Sambuca, 15 miles distant, suffered much 
injury. A strong odour of sulphur pervaded the air all about 
tJciacca. While nature was in this agitation in the western 
part of the island, the eastern was enjoying perfect quiet. 
Over against Sciacca, at the distance of 70 miles, Pentellaria 
rises from the sea, and presents the same phaenomena: an 
island of lava and other burnt matter, and streams of heated 
vapour of water and of sulphur issuing incessantly from its 
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cavities, show a great fermcDtation in the deep caverns under 
the sea, and to whidi little is wanting to renew its ancient 
conflagrations. Off the northern coast of Sicily is situated a 
chain of islands extending from east to west and terminating 
with Ustica^ at the distance of 42 miles from the western shore 
of Palermo. All of these islands, sons of volcanic fire, which 
has rmsed them from under the depths of the sea, hear the 
impressions of the terrible element ; and some are sdll bum-^ 
ing, and serve as outlets to tlie subterranean ftirnaces. VuU 
cano, 22 miles from Cape Milazzo, burns, roars, thunders, and 
belches out continually immense columns of smdke and flame. 
Stromboli ceases not a moment in vomiting forth smoke, flames 
and streams of vapour, which, rushing from the inflamed mouth, 
produce a horrible roaring, spreacling terror among all the 
Eolian islands and the adjacent coasts of Sicily and Calabria. 
Lipari still preserves in its baths a part of that heat which 
one day fused into glass the matter of which it is formed. The 
action of these islands has almost always troubled Sicily. Early 
one morning, in February 1 444, enormous masses of heated 
matter, amidst huge volumes of smoke and flame, were raised 
from tne summit of Vulcano, and hurled about the sea to the 
distance of six miles, while strong shocks agitated this island 
and Sicily*. Other flaming masses were thrown out on the 
24tli of August 1631, which driven by the wind passed over 
Naso in Sicily, directly in front of Vulcano; and on the next 
day this unhappy city, by tlie violence of the convulsions of 
the earth, was entirely laid in ruins. Many persons were in- 
jured. A cleft was made in the soil, from which a very strong 
odour of sulphur issued f. On the 22d of April 1717, at dawn 
of day, a deep subterranean murmur was heard, accompanied 
by a severe earthquake, Uie shocks of which were felt all along 
the northern shore even to Messina. But the places which 
sufiered most were those nearly over against Vulcano, as Mi- 
lazzo, PQZZodigottoCastrorealo,26 miles distant from it. The 
last city was entirely ruined :|:. Shocks were renewed in the 
same places in 1732; and with much greater force in 1736, 
when the whole northern coast was violently affecteil, parti- 
cularly Palermo, Ciminna, which was much damaged, and 
Naso, which suflered still more§. On the 4th of May 1739, 
about 5 o’clock P.M. the inhabitants of St. Marco, a town at the 
back of Naso, saw thrown from the mouth of Vulcano immense 
clouds of smoke and burning matter, which, driven by the 
wind, came roaring and thundering over Sicily, letting fall 
perpendicularly into the sea and on the neighbouring shore 

♦ Faz, dec. 1. + Dial.il Bonan. 
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flaming matter^ which gave out on every side bright sparks 
and struck with fearful crashes. It passed over Naso hnd 
St, Marco, and went on wasting itself in the interior. Such 
phacnoinena were unlucky omens to these unhapw towns. At 
12 o’clock on the 9th a dreadful howling from Vulcano was 
followed hy a violent shock, which after a few moments was 
repeated with many explosions ; ihore than a hundred were 
counted within six days, and another on the 21st. Great 
rocks were detached from the mountains in the vicinity. An- 
other flaming mass on the 9th of June darted from Vulcano 
and passed over Sicily ; shocks were felt till the 22d, accom- 
panied by bowlings and numerous explosions from the burn- 
ing mountain. St, Marco suffered exceedingly ; but Naso 
was entirely destroyed*. The volcanos of Eolia contributed 
much to the earthquakes of Calabria and Messina in 1783.. 
Stromboli was almost always in great commotion. For many 
days it seemed like a mad bull, which, raised above the waves, 
by his roaring filled Calabria and Sicily with terror. Vul- 
cano often accompanied it, and its deep rumblings and vast 
columns of smoke and flame were terrible. 

After the violent earthquake of Sciacca in 1816 the same 
evil fortune happened to other parts of the island. On the 
15th of April 1817 a severe shock terrified the people of 
Caltagirone in Valdinoto, and of the neighbouring places. 
One happened at Catania in October, and another on the 
20th of February of the following year, 1818^ which was 
enormous. All the towns about Ai)tna were ruined, and many 
lives lost. Catania felt its injurious effects. It was felt all 
over the island, since at Palermo it producetl three undu- 
lations. Others which followed it, and which continued to 
agitate Catania and the neighbouring region until April, were 
fdt with greater force. All these shocks were the precursors 
of the grand eruption of iEtna, which burst out on the 27th 
of May 1819, and which lasted until August. While Sicily 
was trembling, this volcano was making its preparations in 
silence. The effects of the operations of Mina, are felt in 
places at a great distance from the mountain. After the 
troubles of February and April, Catania and its vicinity en- 
joyed repose until the 8th of September, when all Madonia 
was convulsed. Other shocks succeeded in October and No- 
vember.. On the 25th of February 1819 a very severe one 
was fel^ which extended to a great distance. At Palermo 
three motions were produced, the last of which was very vio- 
lent The shocks in the whole of the vast extent of the moun- 
tains, where so much injury was done to the houses of the 
* Ainico Auct. ad Faz. Mong. 1. c. 
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numerous inhabitants of these regions, were always preceded 
and followed by subterranean murmurs and distant explo- 
sions. Under these places it seems that those substances were 
deposited which ^tna inflamed and ejected from its mouth 
in the following May ; because, after the eruption commenced, 
Madonia was left in quiet, while ^tna, which till this time, 
and during the agitations of Madonia, had remained perfectly 
calm, became convulsed with earthquakes. They accom- 
panied the eruption. 

With the extinction of the conflagration in August all the 
phsenomena ceased, and the earth was no longer agitated. 
But in 1822 ^^tna showed that the fermentation wimin its 
furnaces was again at w^ork. On the 5th of April rumblings 
and continued explosions were heard, which were followed 
by great clouds of smoke violently driven from the crater by 
the impetuous current of elastic vapours. A shower of sul- 
phurous ashes fell all around. On the 6th a violent shock 
convulsed all the towns between iEtna and Madonia — Capizzi, 
Cesar^ Sperlinga, Troina, Gangi, Gagliano ; but in the midst 
of these Nicosia seemed the centre of impulse in all the shocks 
which followed throughout the month. Its soil appeared on 
the point of being torn up by force; many buildings were de- 
stroyed, and its inhabitants fled in consternation to find an 
asylum in the country. The immense clouds of smoke and 
earthy ashes which were ejected from June to October — which 
covered the more lofty part of the mo'untain with a gray stra- 
tum — which filled the atmosphere and gave out through the 
whole region a strong odour of sulphur, clearly prove that 
all these commotions were produced by forces collected in the 
recesses of -®tna*. 

While 

♦ From June to October 1822 ^tna emitted great quantities of volcanic 
ashes, which were scattered all over the mountain ; on the plain about the 
crater it fell to the depth of afoot. From the mouth of the crater and through 
fissures near the mouth, so dense a smoke and such copious streams of aque- 
ous vapour were given out, that when they were condensed by the lower 
temperature of the air the ground about these orifices was drenched with 
water. The vapour, which was still suspended by the caloric imparted to it 
by that already condensed, fell soon after in the form of a brine, acidified by 
the miitture of sulphurous vapour contained in the smoke, and to which was 
owing the odour of sulphur given put by the ashes wherever it fell. All the 
ashes about the crater was saturated with this brine. The vapour of water 
is always found in the smoke of Mtna, but in much greater q|uantitie8 at the 
tiin6 of an eruption. In my relation of that of 1792, T mentioned that at a 
little cfistance from the crater a new orifice was made by the force of the 
vapour, from which for a long time pieces of old lava and scoriae and ar- 
gjillaceous earth saturated with water, were ejected ; that standing there to 
observe it, I was continually bathed in the brine which fell from the smoke. 
This phenomenon ofiEtna in 1822 has been much misrepresented in foreign 
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While Nicosia and the whole space between Madonkt and 
iEtna were in such commotion, Sicily to the west and all the 
northern coast enjoyed perfect quiet; but a sad reverse was 
preparing. In October, ^tna ceased throwing out sulphurous 
ashes and sand, and with it ceased all its noises and shocks, 
and all was calm. In February at the beginning of the next 
year small motions of the earth were felt along the northern 
side of the island, which were the preludes to the scene that 
presented itself in March. 

The direction of the motion was from N.E. to S.W., as was 
proved by all the phaenomena mentioned in the beginning. 
I will not be guided by the injuries suffered in different parts, 

journals, which sa^, that in the recent eruptions of iEtna the earth opened at 
a great distance Irom the crater, and that a muddy substance whiw is not 
lava was thrown out. As this important error, should it gain credit, would be 
injurious to science, 1 make all haste to correct it. In 1 822 , neither at a great 
nor at a small distance from the crater, the earth opened, and the matter 
thrown out is volcanic ashes, perfectly like that which has usually been ex'* 
pelled by this volcano ; at least for the forty years that 1 have studied it. It 
did not come out in the form of mud, but in exceedingly fine dust, which 
afterwards became wet with the vapour condensed within the very edges of 
the fissures, or which fell in brine. It is a long while since any of the writers 
on volcanos, wishing to establish the theory of “ eruptions of mud,” have 
named that of sea-water and shells in a popular credulity, which 1 

have been compelled to do away by every possible proof. This new error 
of 1822 might recall their arguments and lead on to other errors. I have 
mven with much pleasure a true detail of the fact to the illustrious M. de 
lluinboldt, who wrote me on the subject with that ardent zeal which cha* 
racterizes him, and which has rendered him, as he is proclaimed in both 
hemispheres, one of the greatest observers of nature. With respect to the 
nature of these volcanic ashes, although I am convinced that it differs not 
at all from that which has always been ejected, yet I wisiied to consult tlie 
oracle of chemistry upon it, since it is his delight to discover the composi- 
tion of bodies ; I mean the illustrious Vauqiielin, whose kind regard to me 
has conferred on me so much honour. My first packet, much to my regret 
and that of the eminent chemist who was expecting it, never reached its 
destiny ; but I renewed it, and the results shall have place in my continu- 
ation of the Histoiy of ^tna from 1818, where 1 left it, which I shall soon 
publish. I will add, to finish this note, that the ** muddy eruptions” so called 
by our Macalubbi, arc not such, even according to the imaginary ideas of 
Plato, who admitted rivers of mud in the interior of the globe, to which 
end he alleged such eruptions in Sicily. Nothing comes up from the 
depth of the earth but streams of carburetted hydrogen gas, which finding 
above the argillaceous chalk of which the soil is formed, loosened away 

rain-water, it forces it up and causes it to flow in muddy streams. In 
tunes of droujght, dust only is forced up, and in its passage a whistling is 
made like an impetuous winch Even of our lake of tne Palici they believe 
that the water comes from the interior of the earth, and wonder that it 
never overflows. Why do they not observe that in dry years it entirely 
evaporates, and that nothing comes out of the chinks at its bottom but 
currents of air, which give to the water the appearance of boiling when it 
collects there from the rain. 


for 
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for these spring from a complication of causes ; from the soil, 
its greater or less capacity of receiving and communicating 
motion, from the manner in which it presents itself to the pro- 
gressive motion, and from the state of the edifices. These 
circumstances may sometimes produce anomalies which easily 
deceive those who do not bestow in the examination of them 
the attentimi which they deserve : but without fear of error I 
may say, that in general the shock was much the most forcible 
on the northern shore, and at a little distance from it; and 
that it went on gradually diminishing towards the interior. The 
moving force, uien, must have been in operation somewhere 
nnder the sea opposite this part of the island. Naso was al- 
most entirely ruined ; Patti, and all the towns about Capes 
Orlando ana Calava, and which are nearer Eolia, were consi- 
<forab]y damaged. Some very small thinly inhabited towns 
lost little, because they bad little to lose ; others were in some 
measure defended by their situations. Palermo, at the bottom 
of a bay which curves towards these burning islands, and sur- 
rounded by large and high mountains on tlie other side, was 
expoi^d to the whole force of the motion against it : this it 
was, together with the degraded state of its buildings, which 
brought such ruin upon this beautiful city. Every thing 
seemed then to announce to us that the most expansive vur 
pours which proceed from the burning furnaces of Eolia, in 
developing their immense volumes, urg^ against the sides of 
those cavities which once contained me matter of which all 
these islands are formed, produced the motion that struck 
obliquely against Sicily, and moving along the shore towards 
tlie west, spread despair throughout Palermo. After the shock 
of the 5th, their motion was more free ; and they were heard 
murmuring under the soil near our island, seeking an outlet 
from the (foscure caverns in which tfiey were generated, but 
not propagating their motion to any considerable distance. 
The course of tha-t of the 7th was in the same direction with 
that of the 5th; but that of the 31st was in a direction dir 
rectly ofmosite ; since it was felt at Messina, and not at Pa- 
lermo. The undulations were determined by the horizontal 
direction of the motion ; the peipendicular shocks, Iw a force 
acting from below Upward^ which supposes a much greater 
f^eptb in the situation of the acting force than the other, with«> 
out ever being in any case nearer the surface. Every one 
may easily distmguish the difference which subsists between 
tffe. superi^ial motion caused by the rapid passing of a heavy 
eal^riage, or by the sudden combustion of a Wge quantity of 
confined gunpowder, which would cause the darting of a large 
accumulation of electric fluid to restore the equilibrium be- 
tween 
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tween the earth and the atmosphere, were it possible for it to 
collect in the midst of so many conducting bodies, which seem 
designed to restore the equilibrium instantly; — between this 
motion, and the heavy earthquake, armed with such 
terrible power, which . agitates so violently a great extent of 
the globe, which sometimes seems ready to tear it from its 
very foundation, and which has all the characters of an effect 
sprung from most wonderful degrees of force, w'hich, placed 
deep in the earth, moves and convulses those great masses 
lying between it and the surface. 

The idea of forces and effects like these fills with fear the" 
miserable mortal who creeps upon the face of the earth, and 
brings his pride down to the dust When he sees the earth 
reel, and the great fabrics which he has raised with so much 
confidence ruling to ruin, he despairs of finding any where 
one firi^i support to his frail existence. 

The chinks and fissures formed in many places, and to which 
the vulgar attribute much importance, are in consequence of 
the qui^ing of the soil, and to which the softness of the earth 
and the loss of its internal support have given place. The 
country of Bosco about Ogliastro, of which I have already 
spoken, became furrowed with divers long, tortuous, deep 
clefts, the sides of which in some places sank down ; in other 
places, portions of the surface passed down over inclined plains 
below them, and took new positions ; the olive-trees, which 
some of these carried with them, were much injured by the 
breaking and displacing of their roots. This land is formed 
of an immense deposit of argillaceous chalk, more than a hun- 
dred feet d^ep. The water which penetrated it (and the win- 
ter there was very rainy) loosened away the earth, and carried . 
a great part of it into the internal cavities below ; the surface 
thus wanting solid support, under the shock of the 'earthquake 
became filled with depressions, caverns, and inequalities. The? 
same may be said of a great apeiture made in the vicinity of 
Colesano, w'hich dilating itself day after day threatened to 
render those places inaccessible. Copious showers alone pro- 
duce such effects in the chalky land of many parts of Sicily. 
This want of firm 'bases frequently causes the overthrow of 

S eat rocks at the time of earthquakes. Well do we remem- 
r, that in the earthquake of the 5th of February 1763, a 
mountain a mile to the south of Scilla, . and which was a mile 
and a half in length, fell over into the sea of, Calabria 
fdrmed two new promohtbries. 

Pkeenomena observed in the E^lian Sea. 

If all these facts induce us to. locate in £olia the causes of 
V<»L65. No. 32S. 1825. Z t)te 
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the physical events of the past March, it is necessary to in- 
quire if these islands exhibited at that time any phaenomena 
which may corroborate our opinion^ I will mention, therefore, 
in this place many facts, about vrhich there can be no uncer- 
tainty, and which will be of the greatest importance should 
any one wish to push the suspicion which 1 have announced 
in this memoir to certain evidence*. 

Since September of last year tfie daily quantity of smoke 
from Vulcaiio has been much greater than usual, and flame 
has often been visible ip the evening. Explosions have been 
frequently heard on the neighbouring coasts of Sicily. But 
Stromboli has exhibited the greatest activity for almost four- 
teen months witliout intermission. Shocks have been very 
frequent, and so strong as to fill the islanders, although ac- 
customed to them, with great apprehensions.* The island, with 
the blazing mountain itself, seemed often on the point of being 
torn up from its foundation. The volcano opened two new 
mouths on the side which looks towards the sea, and belched 
out frqm them fearful clouds of sand and burning rocks, which 
after darkening the air fell to the earth. Fortunately their 
direction was not towards any of the little habitations or cul- 
tivated fields of the island. One forest only on the side of 
the mountain suffered some injury. The inhabitants often 
found themselves enveloped in thick clouds of black smoke 
and ashes, which the wind drove among them. But only one 
man was struck by the burning rocks hurled through the air 
with immense violence. The scoria and ashes did much da- 
mage to the cisterns of the island, and to the terraces which 
serve as tiles over tliem. Torrents of black smoke, ashes and 
sand were often ejected and thrown to various distances. The 
greatest shocks were sometimes followed by a thick dry cloud 
which filled the air of the whole island. 

. The shock of the 5th of March was very strong at Strom- 
boli, at Saline (formerly Didime), and at Lipari. The inhabi- 
tants of Lipari did not doubt that their houses would this time 
be reduced to ruins; and they have not yet ceased giving 
thanks to Heaven and their protecting saints for defending 
them from utter destruction. They affirm that a moment after 
the shock all their thoughts were turned^ upon the disasters 
which might happen to places on the neighbouring coast pf 

‘ * The external phasnomena of a volcano show that the effects of the 
fermentation ha^ come to the surface ; but Nature operates often in the 
dark recesses of uie earth, without exhibiting any external vidble effects of 
her operations : elastic vapours may form there, shake the soil, and return 
tp their concrete state. When eruptions happen from the inflamed mouths, 
jiis because these subterranean forces have met with substances which may 
W thrown out, thus giving certain proof of the existmice of these forces. 
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Sicily and at Palermo, towards which the direction of the 
motion seemed to be. Lipari lies between us and Stromboli. 
Since April the parts of our island which were before agitated 
have been left in repose; but shocks are still frequent at 
Stromboli, and keep the poor inhabitants there in continual 
fear. The subterranean furnace seems to have lost much of 
its power, as the elastic vapours generated there shake but a 
very limited space, and the new apertures of the mountains 
emit now and then but a very small (juantity ol’fine sand, which 
is always the last product of an expiring conflagration. 

From what I have laid down it is just to conclude, that the 
fires of Eolia are those which have for a long time been pre- 
paring the event of last March ; that it was pi'oduced by mo- 
tions generated in those mighty furnaces, and that those mo- 
tions were propagated to great distances. If Sicily then is so 
often shocked, the powers which agitate it must exist in vol- 
cahos that burn within its own bosom and in the surrounding 
sea. Situated in the midst of such grand operations of Nature, 
Sicily must be exposed to all the efiects which such power- 
ful causes are capable of producing. The chemical subter- 
ranean operations require that the earth should every where 
be traversed by vast cavities and canals, running in various 
directions ; and the forces of the operations act on the differ- 
ent parts of these cavities. But it is natural to believe, and 
many facts in this memoir demonstrate the truth of it, that 
places in the vicinity of the three great volcanic outlets ordi- 
narily feel the force with the greatest violence. In this re- 
spect the situation of Palermo is very advantageops ; since it 
is distant from jEtna and from Eolia, and is near to Sciacca 
only, which is the least energetic. And this grand and re- 
spectable city would be less exposed to such grievous disasters 
than all the other cities of Sicily, did its edifices possess that 
character, which they might easily be made to possess, which 
constitutes true solidity and firmness. 


XXVII. On Mr. Stuugeon^s Suggestion relative to the Elec- 
tric and Magnetic Causes of the Earth* s Motion^ and on its 
Similarity to the Theorif of Mr. W. Herapath. By 
Mr. J. P. Bevan:. , 

To the Editor of the Philosophical Magazine and Journal. 

Sir, 

O N opening your Magazine for October last, 1 was struck 
with the^s^ilarity between some of the observations of 
Mr. W. Sturgeon in nis paper on electro-ma^etism, pub- 
lished in that Magazine, and those of my friend Mr. W. He- 

Z 2 rapatb, 
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rapath) delivered, in a lecture on that branch of science before 
the Society of Inquirers*, on the 19th of April 1824. A report 
of this Ifictpre was published in Felix Farley’s Journal (a 
leading newspaper of this city) at the .same time* In this re- 
port Mn Herapath observes, that as a bo^ possessed of 
the electric and acted on by the magnetic jfluids revolved 
upon its axis, it was rendered extreineljr probable that the 
earth’s motion was occasioned by these fluids, the electric ge- 
nerated within itself by the chemical changes constantly taking 
place fi'om the action of solar heat; w'e have only to conceive 
that there is a great preponderance of positive fluid at one 
pole, and of negative at the other, to satisfy the conditions of 
its ability to move.” 

In his lecture he stated that he had been induced to form 
this opinion in consequence of the following reasons ; “ A body 
filled with the fluids given oiF by chemical action and by the 
magnetic fluids, will revolve upon its axis, as exemplified by 
Faraday’s revolving magnet ; it will also, when thus filled, 
revolve round a fixed body similarly circumstanced, and its 
distance from it will be regulated by the quantity of the fluids 
it possesses: the fluids given oif have the power of penetrating 
space, as demonstrated by the galvanic stream passing in 
vacuo* The motions of bodies revolving from the impulses 
enumerated are either from west to east, or fi om east to west, 
according to the nature of the fluids : thus, suppose a body 
acted on by negative electricity and north magnetic fluid in 
one direction, and by positive electricity and south magnetic 
fluid in the opposite, it ought to revolve upon its axis. The 
magnetic fluids are polarized in the earth; and reasoning from 
antuogy, tlie electric should be so also; since we find that in 
all bodies containing electricity the positive appears at one 
end and the negative at the other : all the conditions, there- 
fore, requisite for a body to move in an orbit round another, 
as well as to revolve upon its own axis, appear to be pos- 
sessed by the earth. As the electric and magnetic fluids are 
the only philosophical agents which would produce rotary 
motion, and as the earth possesses these fluids, it is not un- 
philosophical, in the absence of demonstration, to conclude 
that they are the cause of its motion.” 

These quotations prove that Mr. Herapath entet'tained the 
opinion that the electric and magnetic fluids were the cause 
of the motion of the earth long before Mr. Sturgeon, or at 
least that by priority of publication he is eptitlecT to the ho- 

* I would here observe, that in this Society the members lecture to each 
ether on the different departments of science,. at their own cost ra> 
tpecti^ely. 
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nour which may attach to it; and as this is often all that the 
philosopher obtains, it should in justice be awarded to him to 
whom, as being the first publislier, it is unquestionably due; 
and that Mr. Herapath was so in the present instance you 
will be convinced from the report of his lecture, which I have 
taken the liberty to inclose. 

1 am, sir, yours, &c. 

Bristol, Feb. 24, 1825. JaMES P. Bevan. 


XXVIII. Demonstrations of Trigonometrical Formulce. 

To the Editor of the Philosophical Magazine and Journal. 
Sir, 

T FLATTER myself the demonstrations of the following 
trigonometrical formulae are new: but if I am mistaken, per- 
haps the circumstance of their not being in general use may 
procure them in.sertion in your Magazine. 

I am, sir, yours, &c. 

Lincoln’s Inn, Feb. 14, 1825. 



Let ABC be a 
triangle having the 
angles A, B, C to 
which the sides op- 
posite are a, 6, c — 
I'hen by trigo- 
nometry, 


a sin C = c sin A or a sin (A -f ®) = c sin A 

Hence sin (A + B) = sin A 

Again, if a perpendicular be drawn from C to the opposite 

side Cj we have 

c = a cos B + i cos A 

=: cos B + ^ cos A =I cps B + “ cos A 

a a . Mn a 

Hence by substitution 

sin (A -f B) = (cos B + cos A' sin A 
and sin (A + B) = sin A cos B + cos A sin B 


Theorem 
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Theot em 2. If a perpendicular be let fall from B to the 
opposite tfide 6, we have 

6 = a cos C c cos A 
= c cos A — a cos (A + B) 

Hence cos (A + B) == — cos A = cos A — 

Now c ^ a cos B + ft cos A 

= COS B cos A = cos B H : — -r cos A 

a a sin A 

Hence by substitution 

t A TA \ / T) Sin B A \ A sm B 

cos (A + B) ■!= (cos B + cos A) cos A - ^ 

n . , sin B Q A sin B 

= cos B cos A + — r cos *A : — ^ 

' sin A sin A 

„ . sin B • -Q • A sin B 

ss cos B cos A + — r sm B sin A : — - 

sin A sin A 

= COS B . cos A — sin B sin A 
Theorem 3, Let A be an exterior angle of the triangle. 
Then by Euclid c = A' — B. 

Also a sin C = c sin A = c sin A' 

or a sin (A'— B) = c sin h! sin (A' — B) = -^ sin A' 

Now c ^ a cos B + ft cos A 
= a COS B — ft cos A' 

- = COS B — — cos A' = cos B — *: — — cos A 

rf a sin A 

B siii B . / 

: — T# COS A 

sill A' 

Hence by substitution 

sin (A'— B) = (cos B — cos A') sin A' 

' s= sin A' cos B — cos A' sin B 


Theorem 4. Since ft = a cos C + c cos A 

or = a cos (A'— B) — c cos A! 

cos ( A' — B) s= — + — cos A' 

' ' a a 

sin B c . , sin B . c * , 
= -jr-T + - cos A! SS -T-x; + cos A 

sin A. a sin AJ a 

Now c a* a cos B + i cos A = a cos B •<- d cos A' 

® sK cos B — ™ cos A' = cos B — cos A' 


Hence 
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Hence by substitution 

cos (A^— B) = -f (cos B — cos A') cos A' 

' * * sm A \ sin A ' 

sin B 4 / sin B o * i 

= ~ “ TT "T COS B COS A r-rr COS ® A' 

sin A' sin A' 

sin B A f sin B . • • 4 / 

r + cos B COS A — 37-rr + sin B • sin A 


sin A' ' sin A' 

== cos B cos -h sin B sin A' 


XXIX. A new binanj Airar^ement of the Macrurous Crus- 
tacea. By A. H. Haworth, Esq.^ Fellow of the Linncean and 
Hm ticiiltural Societies of London^ and of the Imperial Na^- 
tural Histmy Society of Moscow^ 

[Continued from p. 1 06.] 

To the Editor of the Philosophical Magazine and Journal, 
Sir, 

FJEREUNDER I transmit you the promised continuation 

* ^ of my new binary arrangement of criistaceous animals, 
including the great branch Machura; which, if you could 
print in the manner of my first and second tables, would much 
better display the horizontal analogies and affinities than my 
last or third table can ; the frst articles of every dichotomy in 
any given group having ever the least affinity to each other, 
and the last articles the most. Wherefore the said first arti- 
cles (as animal — vegetable) are often merely analogies (in point 
of relationship to each other); but these insensibly, as we 
go down the table and arrive at the genet'a^ lessen and 
blend into the closest affinities. But I allow that the mode 
in w'hich you have printed my last or third table shows more 
advantageously to a mere reader, the current location^ or na- 
tural distribution of the genera; w^hich, notwithstanding what 
is in modern, not old times, supposed to the contrary, I now 
believe to be a continuom oncy that is unravelable in the way 
of a straight line; but arising dichotomously from one root 
(which I have termed Matter) and proceeding in a repetitely 
double, and, in point of ma^Itude or quantity, unequal series ; 
resembling as it were an inverted branching and exuberant 
tree, whose foliation and flowers may be compared to our arti- 
ficial genera, and natural, and therefore permanent specif. 

As soon as I can procure some books which must be con- 
sulted before I can proceed much further with this business, 
you shall have the requisite continuations ; and in the mean 
time 1 remain, sir, yours, &c. 

Queen's Elm, Chelsea, March 1825. A. H. Havtorth* 
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XXX. On the Geology and Topography of the Island of Su^ 
matra^ and some cf the adjacent Islands. By the late. 
William Jack, M.D. M.G.S.* 

^T^HE various journeys which have recently been made into 
the interior of Sumatra have considerably extended our 
hitherto very imperfect knowledge of the geography of that 
island, and have also furnished materials for a slight outline 
of its geological structure. Some account of the in formation 
which has been acquired on both these topics may not prove 
unacceptable as an accompaniment to a small collection of 
specimens of the rocks of that country, which I have trans- 
mitted to the Geological Society. 

I obtained these chiefly from the western coast of the island, 
which, from its greater boldness and proximity to the moun- 
tains, is the most accessible to minerulogical investigation. It 
is to the eastern side that all the great rivers take their course, 
where the extent of alluvial land is consequently much the 
most considerable. If any reliance can be placed on native 
traditions, the increase of surface on this side, by alluvial de- 
posit, has been great and rapid ; as in all their earliest his- 
tories the town of Palembang, w'hich is now at least sixty miles 
from the mouth of the river, is mentioned as a sea-port, and 
the adjacent hill of Siguntangguntong as an island. The 
smoothness of the inland seas, into which these rivers flow, 
must certainly favour the accumulation of the earthy particles 
wliich they wash down. 

On the western side, a difference of character and aspect 
may be remarked between that portion of the island wdiich lies* 
to the north of Indrapore and the southern. The former 
comprises about two-thirds of the length of the island, and in- 
cludes the richest and most interesting districts ; its coast is 
more irregular and broken, and is defended by innumerable 
small islands ; while the hills, at one time approaching to- 
wards the shore, at another receding from it, appear to pur- 
sue no determinate line. In the southern portion the coast is 
but slightly indented, and is skirted by few islands ; while the 
hills run in nearly a continuous chain, as far at least as Bukit 
Pugong near Croee, at a distance of from ten to twenty miles 
from the coast, and form what is usually called the Buidt Ba- 
risin or Barrier range. In the northern portion there is much 
less appearance of parallelism in the distribution of the hills ; 
and though die whole of Sumatra may, in a general view, be 
considered as /orming a great chain parallel to that of the 

* Prom the Geological Transactions^ New Series, vol. i. Part 11. p. B97. 
Vol. 65. No. 323. March 1825. A a Malayan 
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Malayan peninsula, its parts by no means exhibit a corre- 
sponding jegularity. In this particular the greater number 
of maps convey an erroneous idea. 

It has been ascertained that the Poggy islands, Pulo Nias, 
and the whole of the northern coast, are laid down in Hors- 
burg’s charts considerably to the w^estward of their true posi- 
tion, a circumstance which materially affects the supposed 
breadth and'form of the island; and it is singular that, with 
the exception of Acheen Head, Bencooleii, and perhaps Flat 
Point, there is scarcely a place on the west coast (where we 
have had establishments for above a century) of which cither 
the latitude or longitude is exactly determined. The moun- 
tains, for the most part, lie nearer to the western coast than 
might be supposed from Marsden’s map ; and a greater length 
of course must, therefore, be given to the great eastern rivers, 
which have their sources among them. It has been an object 
of interest in our late investigations to trace more correctly 
the course, the relative position, and true sources of these no- 
ble streams, most of which afford safe navigation to the largest 
vessels for upwards of a hundred miles above their mouths. 

The basis of the island of Sumatra is probably primitive ; 
granite has been found in Menangkabau and at Ayer Bangy : 
but trap rocks are perhaps the most widely diffused; wliile 
the mountains of greatest elevation, and which stand in some 
degree insulated, are generally volcanic. The volcanos of 
Sumatra have somewhat a different character from those of 
Java: the former generally terminating at the summit in a 
ridge or crest; while the latter arc more exactly conical, and 
have for the most part much broader bases. 

Commencing at the north with Acheen [respecting which 
the mission of Sir T. S. Raffles in 1819 afforded the means of 
adding to our information] I have merely to remark, that the 
mountains which terminate in Acheen Head, together with the 
adjacent island of Pulo Way, and the coast to the eastward, 
including Pedier, are of calcareous formation. 

Proceeding southward^? along the western coast we come 
to- the Bay of Tappanooljr, which forms a large and deep in- 
dentation among the hills of the Batta country. In these hills, 
which come directly down to the margin of the sea, as well as 
in the small islands within the circumference of the bay, the 
rocks cemsist chiefly of a fine-gained sandstone, frequently 
striped with various shades of ydlow and red. The strata are 
in general even and regular, and but slightly inclined, occa- 
sionally, however, exhibiting partial disturbances and undula- 
tions. 

At Nattal, the next station to the southward, the mountains 

recede 
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recede to some distance from the coast, leaving a portion of 
level land, through which the river pursues a winding course 
to the sea. There is a small detached hill near its mouth en- 
tirely composed of limestone, of which a great quantity in loose 
blocks and fragments is strewed at the bottom. The soft ar- 
gillaceous iron ore, commonly called ruddle, has also been 
procured from the upper part of the river. 

Inland of Tappanooly and Nattal lies the country of the 
Battas, in which the position of the great lake of Tobah, not 
laid down in our maps, has lately been determined. It lies 
about fifty miles north-east of Tappanooly. 

The Batang Tava and Sinkuang have been represented as 
inconsiderable streams, while they are in fact among the largest 
rivers on the western coast ; the former having its source in 
the mountains of Diri, to the north of Tappanooly, and the 
latter rising in Gunong Kalaber, the southern boundary of 
the Batta country, and watering in its course the whole pro- 
vince of Mendheling. The Tabiiyong, on the other hand, 
which is icpresenteu by Mr. Marsdcn as the largest river be- 
tween Tappanooly and Nattal, is in fact small, and does not 
penetrate beyond the first range of hills. 

The province of Mendheling, which lies inland of Nattal, has 
long been celebrated for its gold, which is of the finest quality. 
It is said to possess upwards of seven hundred mines, and its 
annual export of gold probably does not fall short of a thou- 
sand tales. 

At Ayer Bangy, where the hills again approach the sea, 
granite makes its appearance. This place lies nearly due east 
from Gunong Pasaman (known in our charts by the name of 
Mount Ophir), a remarkable conical mountain, whose height 
was some years ago estimated at 13,800 feet above the level of 
the sea, its latitude at 6' north, and its distance from the coast 
about 26 miles. On its north-eastern side is the source of 
the great river of the Soompoor or Rukan, which crosses the 
island in a nortli-easterly direction, passing through the fertile 
valley of Rau, at its exit from whence it bursts through the 
range of mountains forming the eastern boundary of that 
country ; and after precipitating itself over a considerable feu 
enters the district of Rukan, from which it receives its name 
in this part of its course. ' 

To the southward of Rau lie the provinces of Agam, Rana- 
lima-pulo, andMenangkabau, which, collectively distinguished 
by the appellation of the Darat,” or « the Land,” consti- 
tuted the ancient empire of Menangkabau. In the territoiy 
which was formerly included in that empire the population is 
at present estimated at not less than a million and a halfl and 

A a 2 some 
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some of the villages or towns are several miles in circumfe- 
rence. The Sidk river, which is navigable for a hundred miles 
from its fbouth, rises in the northern portion of Rana-lima- 
pulo, and chiefly from the mountain Tinkalang. 

With Menangkabau and the sources of the Indragiri river 
the journey undertaken in 1818 by Sir T. S. Raffles has made 
US better acquainted* He proceeded from Padang, on the 
west coast, and after crossing three ridges of hills, exceeding 
4000 feet in height, and covered witli primeval forests, througti 
which the beds of toiTents afibrded the onl^ passage, he de- 
scended upon the Tigablas country, which is bounded on the 
south by Gunong Tallang. The cultivated part of the great 
valley of Tigablas may be about twenty miles long and ten 
broad, and would seem to have been at one time entirely co- 
vered by the waters of the existing lake, which is skirted by 
hills in every direction, that of the valley excejited. Gunong 
Tollong, with its adjacent hills, seems to form a transverse 
range, and to break the regularity of all the other ranges 
which it intersects. On the eastern side of the lake, which is 
about fifteen miles long by from seven to nine broad, com- 
mences the province of Menangkabau Proper, and at the di- 
stance of a ifew miles from its banks is situated the ancient ca- 
pital of Pagaruyong. 

The Indragiri river has its source on the eastern side of Lake 
Sophia^ and flows through the province of Menangkabau, 
receiving the waters of the celebrated Ayer Mas or ‘‘ Golden 
Stream,” which passes through Pagaruyong, and soon after 
of a large river which rises in Agam^ behind G. Singalang and 
6. Berapi, and traverses a portion of the more eastern district 
of Raha-lima-pulo. The Indragiri is navigable for small boats 
a considerable way above the tails ; but the exact position of 
these has not been ascertained. The mountain of most in- 
terest in this quarter is that of Berapi, which is constantly 
emitting smoke : its elevation was ascertained, by angles taken 
from the lake, to be about 18,000 feet: it is coimected towards 
the western coast with the mountain Singalang, estimated at 
about 12,000 feet; and to the north and eastward with Gu- 
Hong Kasumbra^ first discovered on this expedition, and cal- 
culated to be not less thlin 15,000 feet above die level of the 
sea, being therefore the highest mountain in Sumatra. The 
Kampar, which is mentioned in the Portuguese Bistories as of 
some importance, is a river of small size, situated between the 

lak^ to which the natives had given no proper name, has lately 
reedved the denomination of Lake Sophia, in honour of Lady Raffles, 
Who accompanied Sir T. S. Raffles iri his late expedifion into this part of 
Stiliiatra. 

Siak 
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Siak and InJragiri; it has its origin in the easternmost liills 
which bound the province of Rana-lima-pulo, and does not 
penetrate beyond tlu»ni into the more elevated country of the 
“ Darat.” 

As a detailed account of the journey to Menangkabau, and 
of the observations made during the course of it, will probably 
be given by Dr. Horsfield, who accompanied Sir T. S. Raffles 
on Uiat occasion, I shall here only remark generally, that gra^ 
nite was observed on both sides of the lake ; sometimes pass- 
ing into gneiss and miau.'eous schistus, and at otliers associated 
with marble and limestone, or with sandstone ; that basaltic 
and trap rocks were abundant; and that obsidian, lava, and 
pumice were observed in the valley of the Tigablas. 

The country to the southward of Padang, as fat* nearly os 
Indrapore, is a confused assemblage of hills, which come di- 
rectly down to the sea ; and the whole coast is broken into 
innumerable bays and islands. Through the greater part of 
these tile mountain rn^LSses of rock are composed of a kind of 
trap or amygdaloid, containing, in a cement of a grayishr^ 
brown colour, numerous small fragments or nodules of other 
rocks, so firmly united that die fracture takes place through 
both indiscriminately, and so hard as often to ring under the 
hammer. Padang head is chiefly composed of trap; it also 
furnishes pebbles of chalcedony and large crystals of quartz. : 

From Indrapore to Beiicoolen die range of hills runs nearly 
parallel to the coast, leaving a belt of low^er, but not level land 
between them and the sea, whose action tins exposed a long 
range of cliffs composed of a stiff* dark-red cla\^ Behind the 
first range of hills to the east of Moco Moco lies the country 
of Koriiicbi, in which there is a considerable lake, which was 
first visited by Dr. Campbell in 1800, and by him named 
Lake George. It was again visited by the directions of Sir 
T. S. Raffles in 1818, and die party proceeded as far as Pen-*, 
kalan Iambi# From the observations then made, it appears 
that the lake is much nearer the western coast, and more to 
the southward than is laid down by Marsden; and tliat a cnl<f 
tivated valley li^s to the north of it, watered by a small river, 
which descends to die lake from Gutiong Api, a high volcanic 
mountain constantly smoking, and distant about sixt^ miles 
north-east of Indrapore point The small lake noticed by 
Marsden, which should also have been placed to the norths 
ward, was dried up about ten years since, by^the effect of an 
earthquake. Lake George gives out a considerable stream at 
its southern end,* vrhicb, passing through the district of Pen* 
Imlan Iambi, "becomes one of die principal branches irf^the 
river Iambi. 

The 
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The countries of Limun and Batang Assii, through which 
the two southernmost branches of this river pass, abound in 
gold, whi^h has latterly been chiefly exported to Moco Moco, 
Bencoolen, and Palembaiig. , 

At Bencoolen the line of hills is situated about twenty miles 
inland ; and the space between them and the sea exhibits a 
succession of ridges and ravines, whose general direction is 
parallel to the coast, though frequently altered and broken by 
the irregular working of springs and streams. The hills are 
principmly of the trap formation, and exhibit several varieties 
of basalt, whinstone, and much of the same gi*ay amygdaloidal 
trap observed in the neighbourhood of Padang. The most 
remarkable hill in .this quarter is detached from the Barrier 
range, and is called Gunong Bungko, or by Europeans the 
Sugar-loaf. I had lately an opportunity of ascending it, and 
found it composed almost entirely of irregular masses of basalt 
or trap, whose bare surfaces are frecjuently exposed, rising 
from amid the luxuriant vegetation of the declivities. It had 
not previously been explored, the shape of the hill rendering 
the ascent extremely difficult. Its elevation is less than 1*000 
feet; yet towards the top the trees became stunted, the rocks 
were clothed with dense moss, and the vegetation assumed a 
character decidedly Alpine. In the beds of some of the rivers 
near Bencoolen, particularly that of Silebar, are found pebbles 
of jasper and chalcedony, with nodules of indurated clay. Iron 
ores occur not unfrequently, and in one part of the Bencoolen 
river a bed of coal is laid bare by the stream. Very fine spe- 
cimens of siliceous petrified wood have also been found in the 
hills of the interior. 

It was not till 1818 that a journey was accomplished across 
the island of Sumatra in any part. In that year a party pro- 
ceeded from Bencoolen to Palembang; and the facilities of 
communication are now found to be such that, did not politi- 
cal obstacles intervene, it would no doubt soon become a fre- 
quent channel of intercourse between Bencoolen and the more 
eastern parts of the Archipelago. 

The Pasummah country, which was first visited by Sir 
T. S. Raffles in 1818, is an extensive plain of remarkable fer- 
tility, considerably elevated above the sea, as may be inferred 
from the temperature, the thermometer being usually as low as 
65^ at 10 A*M. From this plain rises Gunong Dempo, which 
towers above all the mountains of this part of Sumatra, and is 
estimated to be no less than 12,000 feet above the level of the 
sea. It is almost constantly emitting smoke; and hot springs 
and other volcanic phaenomena are common in its neighbour- 
hood* It has been ascended since Sir T. S. Raffles’s visit ; 

vegetation 
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vegetation was found almost to cease near the summit, and a 
large portion of it bore evident marks of a late and violent 
eruption. The cold was extreme, and the ascent difficult ; but, 
owing to a mistake of the guides, the party did not reach the 
present crater. The hills which separate Pasummah from 
Mannic, and indeed the whole barrier range from Bencoolen 
to Cawoor, are composed of basalt or trap : from the plain of 
Pasummah I have specimens of quartz abounding with masses 
of iron pyrites. 

In the interior of the Lampong country is a lake, the posi- 
tion of whicli was not sufficiently determined to enable Mr. 
Marsden to lay it down in his map. This lake has been twice 
visited within the two last years by the orders of Sir T. S. Raf- 
fles : from its neighbourhood are obtained jasper, slate rock, 
and trap ; there is a hot spring on one side of it. It gives 
origin, near its southern extremity, to a river which, alter 
})assing through the country of Haji, takes the name of Kam- 
ring, and falls into the Palembang river ii little below the 
town. 

Tulang Bawang rises in Ounong Ompo, to the southward 
of lake Kanau, and has no communication, as was formerly 
supposed, with the Palembang. 

Among the islands which skirt the western coast of Suma- 
tra the largest and most important is that of Pulo Nias, which 
has hitherto remained almost unknown to Europeans. It is 
about seventy miles long by twenty -five broad, and is for the 
most part hilly, though none of its mountains are of great ele- 
vation. It is very populous, and its soil, which is naturally 
rich, is highly cultivated. The most singular circumstance in 
its geological structure is the extensive occurrence of calca- 
reous masses of coral origin, which are found near the surface 
on almost all the hills, lying immediately above the rocky 
strata, and to all appearance precisely in their original posi- 
tion TJiese coral masses are in general so little altered that 
their different species can be determined with certainty, and 
even the fragile stems of the Madrepora muricata^ and other 
branched kinds, may be found no otherwise injured than by 
the pressure of the superincumbent soil, and the constant in- 
filtration 

* The specimens of coral which were received from Pulo Nias, and whicli 
were collected from the hills by Dr. Jack, as appears from the labels at- 
tached to them, are all rounded masses, evidently water-worn ; and they 
may be divided into two classes. The 1st appears indeed exactly to resemble 
recent coral; the structure of the coral is unaltered, and the cells of the 
polypes empty, and consequently the rock is of the usual lightness of coral. 
The 2d class consists of a calcareous rock of the ordinary specific gravity 
of limestone; in specimens Nos. 19,105, and 19,106 the rock resembles 

some 
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filtration of water tbrougli it The species arc oln iously Uic 
same witl\ those which now abound under the neighbouring 
sea, and sometimes the transition from the recent to the fossil 
coral is only effected by the gradual rise^^f the land from the 
shore. Large Kima shells {Chama Gigas) are ;dso found on 
the hills, exactly as they occur on the present reefs, and are col- 
lected the inhabitants for the purpose of cutting into rings 
for the arms imd wrists. Eyei^ thing seems to indicate that 
the surface of the island must at one time have been the bed 
of the ocean, mid that, by whatever means it attained its pre- 
sent elev^ion, the transition must have been effected with lit- 
tle violence or dbturbance to the marine productions at the sur- 
face. The subjacent rocks are stratified ; among them 1 found 
granular quartz, limestone, and calcareous sandstone* :: to- 
wards the southern end I also met with several kinds of lime- 
stone, some a coarse yellowish-white stone, and others of a 
blueish cast, with small fragments of shells intermixed. 

At one place at Tallo Dalam I found strata of a calcareous 
rock, laid completely bare, on the crest of a hill, clipping to 
the north-cast, with an inclination of above 4*5% and abruptly 
broken on the other side into a kind of stair. I have a spe- 
cimen of this rockf, which contains fragments of shells and 
fossil wood. 

The appearance of unchanged and un fossilized masses of 
coral on the surface of the hills seems most readily explicable 

some of the oolitic beds of Europe ; and there arc dispersed through it faint 
traces of coralline bodies, which probably indicate that it has been origi- 
nally derived from corals ; but in general the substance of the coral has 
been almost entirely dissolved, and the pores of what remains filled up by 
sparry matter. This specimen has the aspect of an ancient rock. An- 
other specimen, No. 19,104, exhibits very faint traces of coralline bodies; 
but the rock is filled with innumerable irregular cavities, which arc stained 
internally by oxide of iron ; the specific gravity of this last is also that usual 
to limestone. The rounded shape of the specimens, Nos. 19,104, 19,105, 
19,106, leads us to infer that they were not procured from a rock in situ, 
but were perhaps found lying on the surface, or imbedded in the soil of the 
hills : if so, they may be considered as detritus ; and mav therefore very 
possibly he portions of solid strata existing in the island, ^fhe specimen of 
recent coral, stat;cd to be found in the hills, is water-worn, and appears to 
have been a detached piece. - JVate by the ^cretftries, 

* It is highly deserving observation, that these rocks, particularly No . 
19,099, have a striking resemblance to parts of the green sand formation in 
England, especially to the rock called Kentish rag ; and it Is also worthy 
of remark, that in Sumatra, on the pert opposite to Pulo Nias, at Nattal- 
hill, a rock occurs exactly corresponding to No. 19,099 : this bed, there- 
fore, probably extends across the channel thati separ^ttes Pulo Nias from 
Sumatra .— ky the Secretaries, 

*1- This specimen, No. 19,103, is probably from one of the lower beds of 
the island ; it bears a considerable resemblance in its aspect to one of the 
of the oolitic series. 


on 



19S 


Mr. Kirby on the Tarstis of Coleoptera. 

on the supposition, either of a subsidence of the ocean below 
its original level, or a heaving up of the island by a force from 
beneath. If we admit the former of thefse causes, indications 
of a similar subsidence ought to be found on the adjacent 
coasts : but I am not aware of any such having been observed. 
The great inclination of the strata, and the dislocation they 
sometimes appear to have suffered, would seem to favour the 
latter hypothesis. It must still however be regarded as a phae- 
nomenon of a most singular kind, that so large an island, di- 
versified witli numerous hills from 800 to SOOO feet in height, 
should have been heaved up from the sea with so little dis- 
turbance to the fragile marine productions on the surface. 

The appearance and nature of these productions would in- 
dicate a comparatively recent date to the event. 

The other large islands of tlie chain, Piilo Batu, Mantawi, 
and the Peggies, are less known, but are probably not very 
dissimilar in structure to Pulo Nias : they are not nearly so 
populous or so well cultivated ; but the quantit}^ of sago and 
cocoa-nuts which they produce sufficiently proves that they 
are not deficient in fertility and natural resources. 

The islands on the eastern side of Sumatra are of two de- 
scriptions : those which lie off the mouths of the Siak and In- 
dragiri rivers, on the western side of the Straits of Malacca, 
are merely alluvial fiats ; while the islands of Banca, Lingen, 
&c., may more properly be considered as belonging to the 
Malayan chain, and as a continuation of the range which forms 
the peninsula of Malacca, being similar to it in geological 
situation, and in their mineral products, the most abundant 
and remarkable of which is tin*. 


XXXI. On the Structure of the Tarsus in the Tetrametous and 

Trimerous Coleoptera (f the French Entomologists. By the 

Rev. W. Kirby, M.A. F.R.S. ^ L.S. 4*c. 

To the Editor of the Philosophical Magazine and Journal 
Dear sir, 

■p'ROM the abstract you have given in your last Number, of 
a paper of my friend Mr. W. S. MacLeay^s, On the struc- 
ture of the tarsus in the tetramerous and trimerous Coleoptera of 
the French entomologists, read at the Linnaean Society, it appears 
that he was not aware of its having been long ago discovered 

* In the collection of rocks sent by Dr. Jack from Sumatra occurs a 
specimen, No. 19,345, of soft white chalk, Creto scriptoria^ containing the 
figment of an echinus. No mention of it is made in the memoir, nor 
was any information contained itt the label attached to it, except the loca- 
lity, Bencoolen . — Note by the Seereiaries, 

Vol. 65. No. 323. March 1825. B b by 
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by De Geer that the tarsus of Coccinella^ usually regarded as 
trimerous^ is really tetramerovs; for, speaking of the third or 
claw-joiilt, he says ; “ Cette partie qui a une articulation pres 
de son orimne,” &c. ; and this accessary joint he has also 
figured Mr. Spence, in a letter tome dated July 13, 1809, 
observes that Muller had discovered this joint in that genus ; 
and further remarks, “ But on examining the Lepturcc^ Ceram- 
byces^ and Chrysomela tenebricosa^ I find (what had escaped 
Muller) that the claw-joint of these also has a similar minute 
joint at the base ; so that if this be allowed to be a true joint, 
these have in truth Jive-jointed tarsi.” Mr. Spence, however, 
did not regard this as a true joint, or one having separate mo- 
tion. Upon receiving this intimation I made a pretty general 
examination of tetramerous beetles, and found that the Chiy- 
somela of Linne in general have this joint, as likewise Curai- 
lio L., and others ; I discovered also that it is a true joint, 
moved by muscles of its own. In consequence the following 
passage will be found in the third volume of the Introduction 
to Entomology, some time printed. 

“ Pentamei'ous insects are those which have Jive joints in all 
their tarsi. This is the most universal, and may be called the 
natural number of these joints f.” 

** Tetramerous insects are those in which all the tarsi con- 
sist oijour joints ; these in the Coleoptet^a are next in number 
to the pentaraerous — indeed a very large proportion of tliem, 
strictly speaking, are really of the latter description, since in 
Linne’s four great genera, Curculio^ Cerambyx^ Chyysomcla^ and 
Cassida, and some others, the claw-joint ( Ungula) consists of 
two articulations, one very short, forming merely the ball at its 
basef, which inosculates in the socket of the preceding joint, 
and the other constituting the remainder ; if you carefull}" se- 
parate these two pieces, you will find that the last inosculates 
in the summit of the ball, antf is moved by appropriate mus- 
cles This structure probably permits the readier elevation 
and depression of this joint ||.” 

Mr. MacLeay is too candid, I am sure, to feel any objec- 
tion to your following the old adage, suum cuique^ on this oc- 
casion, and giving a place in your valuable Magazine to these 
remarks. 

I am, dear sir, yours, &c. 

Barham, Wm. Kiubv. 

March 15, 18^5. 

• De Geer, v. .364, t. xi. f. 6, 5. t Introduction to Entomology, iii. 683. 
X Introd. to Ent. iii. Plate xxvi. fig. 47, 48, d*, § Ibid. fig. 49. t • a. 

II Ibid. 684. 
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XXXII. On the Use of Analysis in investigating the Elementally 
Relations of Figure and Forces. By A Co rrespo n dent. 

To the Editor of the Philosophical Magazine and Journal. 
Sir, 

T N a former short paper I pointed out a method by ivhich 
some objections to Legendre’s mode of evolving the pro- 
perties of figure from functional equations might be obviated ; 
and I resume the subject in the hope of clearing away certain 
misrepresentations, by means of which a sect of our philoso- 
phers have sought to bring the principles of such methods 
of inquiry into discredit. There is amongst one class of sci- 
entific men in this country a violent prejudice against the use 
of analysis, either in the elements of geometry or of inechanics. 
They regard it, not as the mere substitution of one mode of 
reasoning for another, but as a dangerous attempt to remove 
from thfe view the experiments upon w^hich these sciences are 
built, and to revive the justly exploded philosophy of Leibnitz 
and his immediate successors. I will not stop to speculate re- 
specting the secret biases on which this prejudice rests, al- 
though such speculation might be productive of some amuse- 
ment, but hasten to examine the character of its ostensible 
foundation. It may be found now and then appearing in the 
Edinburgh Review*, in the shape of invective against the ge- 
neralizations, &c. of the continental mathematicians : but it is 
preferable to apply at once to the fountain head, and to seek 
an official indication of it in the works of the great leader of 
this sect, Professor Leslie. From them the spirit will be ob- 
tained in its wildest and most unrectified state, and the ex- 
emplifications of it are as numerous as it is wild. 

The following three sentences of the concluding paragraph 
of his note respecting Legendre will amply serve my purpose. 
“ In this abstruse research assumptions are still disguised 
and mixed up with the progress of induction. Such indeed 
must be the case with every Kind of reasoning on mathemati- 
cal or physical objects which proceeds a priori^ without ap- 
pealing at least in the first instance to external observation. 
Of this kind are some of those ingenious analytical investiga- 
tions respecting the laws of motion and the composition of 
forces.” With the second sentence of this extract I conceive 
that every philosophic mind will now-a-days concur. There 
cannot be evolved from any train of reasoning one single 
truth which was not previously infused into it. Reasoning 

* Sec. amongst other places, the notice of a memoir of Laplace’s in the 
second volume of the Memoiret de la Societe ifArcueU. I might also have 
referred to some papers in the Supplement to the Enri/cl, Brifannwa, 

B b 2 merely 



196 


On the Use of' Analysis in investigating 

merely changes the forms of the conceptions on which it ope- 
rate$> or combines a number into one general expression. But 
the question is, with respect to the applicability of such re- 
marks to the subject on which Mr. Leslie had just been com- 
menting. Does Legendre proceed d priori^ or attempt to de- 
duce the primary properties of extension without appealing in 
the Jirst instance to extei'nal observation ? I certainly think 
not; and it will not be difficult to show cause for my opinion. 
— Whence, I would ask, is his fundamental equation de- 
rived, if not from supeiposition or experiment? and what more 
is necessary than this single appeal, to give the object he con- 
templates its complete definition? The thirty-second Prop, of 
Euclid is immediately traceable to the fourth and to the twelfth 
axiom. Legendre involves the axiom, and derives liis equa- 
tion from an equivalent to the fourth ; and there is thus no 
constitutional difference betwixt the processes of the geometer 
and the analyst. But it will be further evident if we view 
the subject in its most elevated light. 

A triangle analytically considered, is merely one of a class 
of functional equations which represent a relation betwixt six 
quantities, three of which are heterogeneous to the otlier three; 
or it is a particular case of the equation 

« = ?>{*> c. A, B, C, y) 

Now there will always be a limit to the number of possible 
ways in which such a set of quantities can be connected to- 
gether. This limit is fixed in geometry, for each particular 
case, by what Euclid terms d^nitions. It is fixed by the ui- 
siblc Jigure^ whose existence the definition declares possible ; 
and the continued use of this figure prevents the reasoner from 
falling into the supposition of impossible combinations. The 
same limit is fixed in analysis, with the utmost generality, by the 
rationalform which the foregoing equation necessarily assumes. 



The use of visible figure, then, and the operation of the law 
of homogeneity are identical in this respect, and we shall quickly 
recognize the entire sameness of the other parts of the pro- 
cesses. The analyst and the geometer are at this point in 
precisely similar states. The geometer, in cLSsenting to his de- 
finition, has assented to the possibility of the existence of re- 
lations betwixt certain quantities ; and the analyst, in writing 
the foregoing equation, has done the same thing. But the 
great inquiry into the nature of these relations, in each case, is 
now before them. The geometer has to translate into the 
language of intellect the visible figure under his contempla- 
tion; 
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tion ; or, to speak in plainer terms, he has to ascertain some fact 
or property containing ibe complete definition of the rela- 
tions he has recognised : and the analyst has to search for cir- 
cumstances which may lead him to the determination of f . In 
the former case the definition must be obtained in the only 
manner in which the character of the visible world can be 
made known to intellect, viz. by experiment: and since f is 
merely the symbolic representation of a figure, nothing de- 
finitive of it can be primarily obtained, excepting from that 
figure, and consequently fiom experiment also. From the 
circumstance that the equation determining 9 must be one 
with six values, the analyst knows that at least three of the 
quantities included in must exist co--indeterminately — super- 
position informs him that only three can exist in such a state : 
and this, in union with his experimental knowledge of the 
abstract quantities a, c, A, B, C, is sufficient to guide him in 
his varied transformations and final evaluation of Such 
then are the two methods, agreeing most scrupulously in the 
minutest circumstance affecting the principles on which they 
rest, and differing* only in the different artifices by which 
they particularize, transform, and combine the experimental 
facts. If the prejudice to which I have alluded had not ope- 
rated more forcibly than any prejudice should operate witliin 
the cold and calm regions of science, this nice philosophical 
agreement had never been overlooked, and the invidious and 
unfounded distinction never drawn. 

In reverting to the extract from Leslie's Geometry, I give 
immediate assent to the remark respecting the famous analyses 
of the laws of motion by Euler, D’Alembert, &c. They are 
essentially unphilosophical and fallacious. But I am not dis- 
posed either to extend the same agreement to the remark re- 
lative to the composition of forces, or to recognise the philoso^ 
phical accuracy of the investigation which the learned Pro- 
fessor has himself given of it It is remarked somewhere by 
D’Alembert, that tne more abstract an investigation is made, 
the more perspicuous and satisfactory does it become. How- 
ever paradoxical this may appear, it is nevertheless true. The 
nearer that any investigation approaches to an abstracted in- 

• The only distinction that can be drawn d prion betwixt the two me- 
thods respects the comparative facility of the analytical. The geometer 
as he proceeds has to invent his logic or his methods of transformation ; 
whereas the analyst has merely to apply the same treatment which he has 
been accustomed to give to similar cases. Perhaps too the course of par- 
ticularizing a more general functional equation than 1 adopted above would 
lead to a scientific arrangement of the objects of geometry. The present 
arrangement resembles the artificial classifications of natural history. 

tellectual 
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tellectiial process, the less must be the chance of error. The 
use of experiment is merely to completely d^ne the objects of 
contemplation. When the relation termed a triangle, for in- 
stance, is once defined by experiment, the evolution of its dif- 
ferent forms is accomplished by reasoning alone, and it would 
be next to ludicrous were an editor of the Elements to offer ex- 
perimental proofs of them. The experimental principles of 
every department of science should be reduced to the fewest 
possible; and the processes that furnished them ought not to 
be again introduced (excepting for mere vej'ification\ until the 
occurrence of some physical action not already involved by 
them. Does the composition of forces then involve any phy- 
sical phenomenon not included amongst those susceptibilities 
of matter already defined by the laws of motion? The simul- 
taneous action is quite analysable, and its analysis will in- 
stantly answer the question. One of the forces may be supposed 
to have already acted upon the body, and set it in motion. 
At a point in its course it is affected by the other force. Now 
this second force may be conceived decomposed into two others, 
one of which acts equally and oppositely to the force which 
has impressed the motion. At the instant of this action, then, 
the first force will be annihilated, and the body will be con- 
strained by a new force acting upon it in another direction. 
The physical phaLniomenon of the joint action thus involves 
nothing new. The body merely loses one tendency to motion 
and receives another ; and the determination of the resultant 
should be obtained by contemplating the physical truths aU 
ready known. That it does follow from a combination of them 
will instantly appear. Let two equal forces x act upon a 
point M, making an angle 2 6. The inertia of matter deter- 
mines that the resultant z shall bisect the angle. Here 
2 — fl, y) 

which is converted by the law of homogeneity into 



or conceiving d the ratio 

Z SS x,^6 

but z, and consequently 9 i become 0 when, and only when 

* This transformation is accomplished in the same manner by Poisson. 
It is a blemish in Francoeur’s little treatise, that he has chosen to deduce 
it otherwise, and more circuitously. Laplace’s investi^tion is very difie* 
rent from either Poisson’s or Francoeur’s. The Englim student who can- 
not refer to the first section of the Mechardque may find it in Dr. Thomas 
Young’s Illustrations, &c. 
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__ (2w+l)flr 
~ 2 

These indicate the factors of the cosine : hence 
<pS = a cos 6 

and z =z a a: cos 9 

Again, when 0 =: 0 z 2 x 

Hence finally z == 2 x . cos 9 

It will be seen that this is the immediate result of the com- 
bination of tile elementary ideas contained in the laws of mo- 
tion. I am aware that it is the practice to preface the de- 
monstration of this theorem with a set of physical axioms: but 
if the inetiia of matter has previously been stated in its pro- 
per extent^ the necessity of this is avoided. The investigation 
I have now given differs somewhat from those in celebrity. 
It differs from them probably in possessing superior simplicity, 
but in principle it is essentially the same, l^oisson in disco- 
vering the equation (px.ipz = f(x — z) -f (x -j- z) and in 

the evaluation of and Lajilacc in rejecting the forces ^ 

and and in evaluing h and g, involve all the physical ideas 

which I have now combined. The theorem of the composi- 
tion of forces bears to these experimental facts precisely the 
same relation that the principle of gravitation bears to Kepler’s 
empirical laws — they are both merely condensed expressions. 

Although I consider that Professor Leslie has in both these 
questions neen misled by an unaccountable dislike with which 
he seems to regard the approaches of analysis, and that in 
tlie latter ciuestion this dislike has drawn from him an inade- 
(|uate exhibition of an important elementary truth, I cannot 
go along with Dis-Iota in the full extent of his censure. I 
cannot allow that Mr. Leslie has not been eminently success- 
ful in illustrating many elementary subjects ; and were proof 
wanting, I would simply refer to his neat, or rather elegant 
exposition of the physical characters of fluids in the volume 
which has drawn forth a portion of these remarks. In this 
]mper I have used those liberties with his name to the use of 
which an anonymous writer is entitled ; but I have not laid 

aside 
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aside the feeling of respect His name is coupled in my mind 
with that of Laplace when I think of capillary attraction. He 
has many other honours, and I am happy to know that he will 
soon have more. Professor Leslie is too far above an anony- 
mous writer to be affected either by his praise or blame, but 
for that very reason I deem his errors dangerous. Now-a-days 
every great mind is bent on extending the boundaries of sci- 
ence. The questions and disputes of philosophy that sur- 
round its entrance are disregarded; and error, when recom- 
mended by authority^ is apt to be received by the multitude 
without due examination. In such a state of things the con- 
tributions of a humble individual may not be unacceptable. 

March 19, 1825. 2. 


XXXIII. Method of extracting Titanium from Minerals^ and 
q)' separating it completely from the Substances with which it 
is found coinbined* By M. Peschier. 

“^^HEN I made known in 1821 and 1822 the results of 
my analytical researches on the micas (Journal de 
Physique\ and communicated in the following year to M. Vau- 
quelin those which I had obtained from ihe talcs, I could not 
suppose that the process which I had followed was not exact, 
and that the proportions of titanium which I had stated were 
exaggerated ; for the properties analogous to those of silica, - 
alumina, magnesia, and lime, which this principle possesses, 
were not known to me: these earths also have sometimes 
been looked upon as pure when it was found united with 
them, and at other times that which was believed to be pure 
- titanium was a mixture of titanium and of one or the other of 
these earths. 

But having since discovered these different properties and 
the means ot separating these principles with exactness, I oc- 
cupied myself in rectifying several of my analyses. I commu- 
nicated some of them this spring to our Society of Natural 
Philosophy and Natural History, and should not have made 
them known prior to the publication of the work on titanium 
with which I am occupied, if the note of M. Vauquelin on the 
presence of titanium in micas, inserted in the September Num- 
ber of tlie Annales de Chimie et de Physique^ p. 67> had not 
obliged me to anticipate this period ; for, in discovering tita- 
nium in all the mkas, this philosopher informs us that those 
which contain the greatest quantity of it did not yield him a 
hundredth part* 

I shall first describe the order of the processes to be fol- 
* From Annales de Chirme^ vol. xxvii. p. 281. 


lowed 
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lowed in the analysis of a mineral with a base of titanium, and 
then relate some of the imporUnt results with which it has 
furnished me. 

1. I treat the porphyrised mineral with two parts of potash: 
withdrawing the vessel from the fire when the mass is at a 
white heat, 1 mix the product in water, throw it on a filtre, and 
wash the insoluble residuum till the liquid no longer acts on 
test paper. To separate from the washings the small portion 
of titanium which is dissolved with the silipa, 1 slightly super- 
saturate them, evaporate them to a humid saline consistence 
in a porcelain vessel, moisten the saline product in water, and 
receive it on a filtre, where the silica becomes deposited ; 
then, after having washed and dried it, I expose it to the ac- 
tion of diluted oxalic or hydrochloric acid, to separate from 
it the titanium or any other substance which might be depo- 
sited with it. I next add the liquid from which I have se- 
parated the silica to the acid solution with which it had been 
acted upon ; I treat them with the infusion of galls, render 
them slightly alkaluie, concentrate them ; and if they take the 
red-brown colour which characterizes titanium, I put them by, 
to examine at the end of the operations. 

2. I submit the insoluble residuum in the potash to the ac- 
tion of hydrochloric acid, diluted with six or eight parts of 
water, with the aid of boiling : if a greater quantity of inso- 
luble substance remains than would be expected, I treat it a 
second time with potash, and pursue with it the operations 
above stated. I then saturate the acid solutions with an alka- 
line subcarbonate ; and after having separated the precipitate 
from it, I evaporate the liquid to a moist saline consistence, 
proceed with the deposit which may be formed tliere by the 
solution of the product in water, as with that of § 1 ; and finding 
the action of the infusion of galls on the washings as has been 
mentioned, I add them to the former solutions of the same na- 
ture, if it indicates the presence of titanium. 

3. .1 expose the precipitate formed in the acid solution to 
the, action of potash; and as tlie titanium dissolves wholly or 
in part with the alumine, and the hydrochlorate of ammonia, 
in leaving a portion of dissolved titanium, precipitates a great 
part of it with the alumine, — to avoid this cause of error, which 
was formerly unknown, I use in its place sulphate of ammonia, 
in which I have discovered the property of precipitating the 
alumine only ; and when I have received and washed this 
earth on a filtre, I evaporate the liquids to a humid saline 
consistence; I separate, by solution of the product in water, 
some little of the silica which was dissolved in it ; I throw some 
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infusion of galls on the washings^ and mix them with the two 
before mentioned. 

4. The tit;anium not dissolving so easily in the potash as 
the alumine every time they mee^ the insoluble residuum pre- 
serves a gelatinous character ; and in order to separate it from 
the substances with which it is mixed, this residuum is dissolved 
in hydrochloric acid, by which treatment some portions of si- 
lica are also separated : the iron of tins solution is precipitated 
by the hydrocyanate of potash and of iron ; the liquid is then 
saturated with an alkaline subcarbonate, and it is carried to 
ebullition. The precipitate which becomes formed is white, 
bulky, and has tne aspect of alumina : as it may consist of 
a mixture of titanium, magnesia, and lime, the first is ren- 
dered insoluble in acids by being strongly heated, and the 
earths are dissolved by digestion for some hours in a weak 
acid — say distilled vinegar. The insoluble parts are separated 
by a filtre; the liquid is treated with ammonia, in order to re- 
move the magnesia, with oxalate of ammonia for the lime : 
and we know that the operation has been well conducted, if it 
does not afterwards undergo any change with the infusion of 
galls. " To the liquids which have been put aside is then also 
added that from which the iron and other substances have 
been separated. 

5. Lastly, as titanium forms double salts with all acids, and 
as the tannate of titanium is easily re-dissolved by the infusion 
of galls, we next obtain that which by these two causes al- 
ways escapes analysis, by evaporating to dryness all the li- 
quids which have been put aside, igniting the residuum, dis- 
solving in water the resulting saline mass, throwing the solu- 
tion on a filtre, washing the insoluble parts, heating them to 
redness in order to destroy the carbonaceous matter, and 
washing afresh in acidulated water the white powdor they 
give, which is the titanium sought for. If it is found to be 
coloured by iron or manganese, it is easily rendered pure by 
digestion in nitroniuriatic acid, after having exposed it to a 
very strong heat. By repeating this series of operations twice 
upon the washings, and adding each time some infusion of 
galls, all the titanium contained in the mineral under exami- 
nation is extracted. I may state by the way, that considering 
its property of forming double salts, I have always separated 
several grains from the salts obtained in the examination of the 
alkaline principle in minerals of this kind ; that its presence is 
known by file spongy state that the hydrochlorates of potash 
or of soda take, which, thoroughly deprived of ammonia and 
strongly ignited, do not enter into fusion ; and that several so- 
lutions, 
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lutions, evaporations, and exposures to a very strong heat, are 
necessary to effect this purpose completely. 

Such is the series of minute operations which I found it 
indispensable to follow in the analysis of minerals with a base 
of titanium (of which the number is much greater than is 
commonly supposed), and by the aid of which the black fo- 
liated mica of Siberia — which, according to Klaproth, is com- 
posed of silica 42*50, alumina 11*50, magnesia 9, oxide of 
iron 22, manganese 2, potash 10, loss by ignition 1 ; total 98 
— ^has furnished me silica 24, alumina 8*50, magnesia 5, per- 
oxide of iron 30, manganese 0*70, titanium 21, potash 5*70, 
loss by ignition 2*75; total 97*65. The talcs, the chlorites, 
and the steatites gave me, by following the same process, 
from 0*19 to 0*30 of a substance which, like that I have 
designated by the name of titanium in mica, forms also, like 
the titanium extracted from rutile, a gelatinous mass, trans- 
parent and yellowish, by the evaporation at a moderate heat 
of its solution in the hydrochloric acid ; furnishes like that, by 
the saturation of its solution in an acid, a white, gelatinous and 
very bulky precipitate ; by the infusion of galls a yellowish 
precipitate, which augments by a slight supersaturation of the 
acid ; becomes brown, and is in great measure dissolved by 
the addition of the re-agent, giving to the liquid tlie colour of 
blood; is soluble in tlie pure alkalies; forms double salts 
with all the acids ; becomes insoluble in acids by the effect of 
a strong heat, and consequently possesses all the characters 
of titanium, with the difference only that with the infusion of 
galls it does not furnish an abundant orange-red precipitate, 
and does not always take a lemon-coloured tint by heat : but 
these anomalies, which appear to me of little importance, may 
be classed with many others which this substance presents. 

Such are the reasons which have induced me to communi- 
cate this process. But as I am fully sensible of the force of an 
opinion given by a philosopher of M. Vauquelin’s merit, I 
submit it to the experience of chemists more used to this 
species of research than I am, and shall gratefully receive any 
information on the subject that may be transmitted to me. 


XXXIV. Additional Experiments and Observations on the Ap^ 
plication of Electrical Combinaticnis to the Preset'vation of 
the Copper Sheathing qfShipSj and to other Purposes. By 
Sir Humphry Davy, Bart. P. R. S.* 

1 HAVE already had the honour of communicating to the 
Royal Society the results of my first researches on the 

♦ From the Phil. Trans, for 1824, Part II. Read June 17, 1824. 

C c 2 modes 
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modes of preventing the chemical action of fluid menstrua, 
such as saline solutions, or sea-water containing air, on cop- 
per, by the contact of more oxidable metals*. 

For some months I have been engaged in a series of new 
experiments on this subject, so important to the navigation 
and commerce of the country : and through the liberal and 
enlightened views of Lord Melville and the Lords of the Ad- 
miralty, who desired the Commissioners of the Navy Board 
and of the Dock-yards to give me every assistance in their 
power, and all the facilities which our magnificent naval es- 
tablishments at Chatham and Portsmouth furnish, I have 
been enabled to conduct my operations upon a very large 
scale. 

At this advanced period of the session, it wilf be impossible 
for me to give more than a very short notice of experiments 
which have been tried under a great variety of circumstances, 
and the details of which would occupy some hours in reading ; 
but I cannot deprive myself of the pleasure of stating the sa- 
tisfactory and conclusive nature of the results, many of which 
have even surpassed my expectations. 

Sheets of copper, defended by from ^’^th to TtnfTjtl* of 
their surface by zinc, malleable and cast iron, nave been ex- 

E osed, for many weeks, in the flow of the tide in Portsmouth 
arbour, and their weights ascertained before and after the ex- 
periment Where the metallic protector was from to 
there was no corrosion nor decay of the copper. With smaller 
quantities, such as from to the copper underwent a loss 
of weight, which was greater in proportion as the protector 
was smaller : and as a proof of the universality of the princi- 
ple, it was found that even saved a cer- 

tain proportion of the copper. 

The sheeting of boats and ships protected by the contact 
of zinc, cast and malleable iron in different proportions, com- 
pared with those of similar boats and sides of ships unpro- 
tected, exhibited bright surfaces, whilst the unprotected copper 
underwent rapid corrosion, becoming first red, then green, 
and losing a part of its substance in scales. 

Fortunately, in the course of these experiments, it has been 
proved that cast iron, the substance which is cheapest and 
most easily procured, is likewise most fitted for the protec- 
tion of the copper. It lasts longer than malleable iron or 
zinc; and the plumbaginous substance which is left by the 
action of sea-water upon it retains the original form of the 
iron, and does not impede the electrical action of the remain- 
ing metal. 

* Phil. Trans. 1824, Part I. or Phil. Mag. vol. Ixiv. p. 30. 
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I had anticipated the deposition of alkaline substance in cer- 
tain cases upon the negatively electrical copper. This has 
actually happened. Some sheets of copper that have been 
exposed nearly four months to the action of sea-water, de- 
fended by from ^^th to -Qjjth of their surface of zinc and iron, 
have become coated with a white matter, which on analysis has 
proved to be principally carbonated lime and carbonate and 
hydrate of magnesia. The same thing has occurred with two 
harbour boats, one of which was defended by a band of zinc, 
the other by a band of iron, equal to about ^^^^th of the surface 
of the copper. 

These sheets and boats remained perfectly clean for many 
weeks, as long as the metallic surface of the copper was ex- 
posed ; but lately, since it has become coated with carbonate 
of lime and ma^esia, weeds have adhered to these coatings, 
and insects collected on them : but on the sheets of copper 
defended by quantities of cast iron and zinc, bearing a pro- 
portion below electrical power of the copper being 

less negative, more neutralized, and nearly in equiliMo with 
that of the menstruum, no such effects of deposition of alkaline 
matter or adherence of weeds have taken place ; and the surface, 
though it has undergone a slight degree of solution, has re- 
mained perfectly clean ; a circumstance of great importance, 
as it points out the limits of protection^ and makes the appli- 
cation of a very small quantity of the oxidable metal more ad- 
vantageous in fact than that of a larger one. 

The wear of cast iron is not so ra])id but that a mass of 
two or three inches in thickness will last for some years ; at 
least the consumption in experiments which have been going 
on for nearly four months does not indicate a higher ratio. 
This must, however, depend on the relation of its mass to 
that of the copper, and upon other circumstances not yet as- 
certained (such as temperature, the relative saltness of me sea, 
and perhaps the rapidity of the motion of the ship) ; circum- 
stances in relation to which 1 am about to make decisive ex- 
periments. 

Many singular facts have occurred in the course of these 
researches^ I shall mention some of them that I have con- 
firmed by repeated experiments, and which have connexions 
with general science. Weak solutions of salt act strongly 
upon copper ; strong ones, as brine, do not af&ct it ; and tne 
reason seems to be that they contain little or no atmospheric air, 
the oxygen of which seems necessary to give the electro-posi- 
tive principle of change to menstrua of this class. 

I had anticipated the result of this experiment, and upon 
the same principle of some others. 

Alkaline 
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Alkaline solutions, for instance, impede or prevent the ac- 
tion of sea-water on copper, having in themselves the positive 
electrical energy which renders the copper negative. Lime- 
water even, in this way renders null tne power of action of 
copper on sea-watef*. 

The tendency of electrical and chemical action being always 
to produce an equilibrium in the electrical powers, the agency 
of all combinations formed of metals and fluids is to occasion 
decomposition, in such an order that alkaline, metallic, and 
inflammable matters are determined to the negative part of 
the combination; and chlorine, iodine, oxygen, and acid 
matters to the positive part I have shown in the Bakerian 
lecture for 1806, that this law holds good in the Voltaic bat- 
tery. The same law applies to these feebler combinations. 
If cop{)er in contact with cast iron be placed in a vessel half 
full of sea-water, and having its surface partially above that 
of the water, it will become coated with carbonate of lime, 
carbonate of magnesia, and carbonate of soda ; and the car- 
bonate of soda will gradually accumulate till the whole sur- 
face in the air is covered witn its crystals : — and if the iron is 
in one vessel, and the copper forming an arc with it in another, 
and a third vessel of sea-water in efectrical connexion by as- 
bestos or cotton is intermediate, the water in this intermediate 
vessel continually becomes less saline ; and undoubtedly, by a 
continuance of the process, might be rendered fresh. 

I shall not take up the time of the society by referring ta 
some obvious practical applications of tliese researches to the 
preservation of finely divided astronomical instruments of brass 
by iron, of instruments of steel by iron or zinc : my friend 
Mr. Pepys has already ingeniously taken advantage of this 
last circumstance, in inclosing finely cutting instruments in 
handles or cases lined with zinc, and many otlier such appli- 
cations will occur. I cannot conclude without mentioning 
particularly my obligations to Sir Byam Martin, the Comp- 
troller, and Sir Robert Seppings, the Surveyor of the Navy, 
for the interest they have taken and the zeal they have shown 
in promoting these researches ; and without stating how much 
1 owe to the care, attention, and accuracy of Mr. Nolloth, 
master shipwright, and Mr. Goodrich, mechanist in the Dock- 
yard at Portsmouth, in superintending the execution of many 
of the experiments. 

^ I am at j>resent engaged in applying this principle to experiments on 
the preservation of animfl and v^etable substances. 


XXXV. 
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XXXV. Observations on the Application of Machinery to the 
Computation of Mathematical Tables. By Charles Bab- 
bage, Esq. F.R.S.J ^c. 4rc.* 

^JINCE I had the honour of communicating to the Astro- 
^ nomical Society a . short account of an arithmetical engine 
for the calculation of tables, which has been examined by s&* 
veral of the members of this society, 1 have not added much 
to the practical part of the subject I have however paid some 
attention to the improvements of which the machinery is sus- 
ceptible, and which will, if another engine is made, be greatly 
improved. 

The theoretical inquiries to which it has conducted me are 
however of a singular nature ; and I shall take this opportu- 
nity of briefly explaining to the society some of the principles 
on which they depend, as far as the nature of the subject will 
permit me to do this without the introduction of too many 
algebraic operations, which are rarely intelligible when read 
to a large assembly. 

Of the variety of tables which are required in the present 
state of science, by far the larger portion are intimately con- 
nected with that department of it which it is the peculiar ob- 
ject of this society to promote. 

The importance of astronomical science, whether viewed as 
the proudest triumph of intellectual power, or considered as 
the most valuable present of abstract science to the comfort 
anil happiness of mankind, equally claims for it the first as- 
sistance from any new method for condensing the processes of 
reasoning or abridging the labour of calculation. Astronomi- 
cal tables were therefore the first objects on which I turned 
my attention, when attempting to improve the power of the 
engine, as they had formed the first motive for constructing it. 

I have already stated to the society, in my former commu- 
nication, that the first engine I had constructed was solely 
destined to compute tables having constant differences. F rom 
this circumstance it will be apparent that after a certain num- 
ber of terms of a table are computed, unless, as rarely hap- 
pens, it has a constant order of differences, we must stop the 
engine and place in it other numbers, in order to produce the 
next portion of the table. This operation must be repeated 
more or less frequently according to the nature of the table. 
The more numerous tne order of differences, the less frequent 
will this operation become requisite. The chance of error in 
such computations arises from incorrect numbers being placed 
in the engine : it therefore becomes desirable to limit this 
♦ From the Memoin of the Astronomical Society, Part IL vol. i. p. 3] 1. 

chance 



208 Mr. Babbage on tho Application of Machinety 

chance as much as possible. In examining the analytical 
theory of the various diiFerences of the sine of an arc, I no- 
ticed the property which it possesses of having any of its even 
orderstof diiFerences equal to the sine of the same arc increased 
by some multiple of its increment multiplied, by a constant 
quantity. With the aid of this principle an engine might be 
formed which would require but little attendance, and I be- 
lieve that it might in some cases compute a table of the form 
A sin fl from the 1st value of flssO up to 6=90° with only one 
set of figures being placed in it. 

It is scarcely necessary to observe what an immense number 
of astronomical tables are comprised under this form, nor the 

S rreat accuracy which must result from having reduced to so 
ew a number the preliminary computations which are re(juisite. 

In pursuii iig into its detail the principle to which 1 have al- 
luded, which lends itself so happily to numerical application, 
I have traced its application to other species of tables, and am 
enabled to point out a course of analytical investigation which 
will in all probability afford ready methods for constructing 
tables, even of the most complicated transcendent, in a man- 
ner equally easy. 

I will now advert to another circumstance, which, although 
not immediately connected with astronomical tables, resulted 
from an examination of the engine by which they can be 
formed. 

On considering the arrangement of its parts, I observed 
that a different mode of connecting them would produce ta- 
bles o( a new species altogether different from any with which 
I was acquainted. I therefore computed with my pen a small 
table such as would have been formed by the engine had it 
existed in this new shape, and ' I w^as much surprised at dis- 
covering that no analytical method was yet known for deter- 
mining its wth term. The following is the first series I wrote 
down : 



Scries. 

Diff. 


Series. 

Diff. 


Series. 

Diff. 

0 

... 2 

0 

10 . . 

. 222 

42 

20 . 

. . 924 

86 

1 

. . . 2 

2 


264 

46 


1010 

86 


4 

6 


310 

46 


1096 

92 


10 

6 


356 

52 

25 . 

. . 1188 

100 


16 

12 

15 . . 

. 408 

60 


1288 

108 

5 

. . .28 

20 


468 

68 


1396 

114 


48 

28 


536 

74 


1510 

114 


76 

34 


610 

74 


1624 

118 


110 

34 


684 

78 

30 . 

. . 1742 

120 


144 

38 

20 . . 

. 762 

80 


1862 

122 

10 

. . 182 

40 


842 

82 


1984 



The equation of finite difference^ from which it is produced 
is = units fig. of 


which 
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which is one of a class of equations never hitherto integrated. 
I succeeded in transforming this equation into a more analy- 
tical form : but still it presented great difficulties ; I therefore 
undertook the investigation in a different manner, and suc- 
ceeded in discovering a formula which represented its nth 
term. It is the following : Table. 

0 2 

1 2 

2 4 

3 10 

a, = (a) + 206 (106 -f 2« — 1) 4 16 

* ^ ^ 5 28 

6 48 

7 76 

8 110 

9 144 

where (5) represents the number opposite a in the annexed 
subsidiary table, and a is the figure in the unit’s place of and 
b is that number which arises from cutting off tlie last figure 
from z. Example : let the 17th term be required, then ;!;= 17, 
and a = 7, 6 = 1 ; the number o])posite 7 in the table is 

{1)^ ... . 76 

106 + 2a - 1 = 10 + 14 - 1 = 23 

206 s= 20 206 (106 + 2a — 1) = 

536 = u 

17 

I have formed other series of the same class, and have suc- 
ceeded in expressing any term independent of all tlie rest by 
two distinct processes. Thus I have incidentally been able to 
integrate the equations I have mentioned : I will just state 
one other of a simple form ; it is the equation 
A units fig. 

whose integral is ti^ = 206 + 2« 

where a is that one of the numbers 1, 2, 3, 4, which taken from 
z leaves the remainder divisible by 4, and 6 is the quotient of 
that division. 

The table is as follows : 

1 — 2 
4 
8 

4 — 16 
22 
24 
28 

8 - 36 
42 

VoL65. No. 323. Alarch 1825. D d One 
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One of the general questions to which these researches give 
rise is, supposing the law of any series to be known, to find 
what fig^ure will occur in the Arth place of the «th term. That 
the mere consideration of a mechanical engine should have 
suggested these inquiries is of itself sufficiently remarkable ; 
but it is still more singular, that amongst researches of so very 
abstract a nature I should have met with and overcome a dif- 
ficulty which had presented itself in the form of an equation 
of differences, and which had impeded my progress several 
years since in attempting the solution of a problem connected 
with the game of chess. 


XXXVI. Notices respecting New Books. 

Appendix to Euclid^ s Elements : containing m'iginal Proposi^ 
tions in Geometty^ designed for the yming Student as Exer^ 
cises wider the various Propositions in Euclid^s Elements 
and Data. By I. Newton: printed for the Author by 
N. Walker, Wisbech, 1825. 

13 ESPECTING the merit of Euclid’s production we have 
had many different opinions : — some considering it de- 
fective in definition, arrangement and demonstration; while 
others contend that it forms the most perfect code of elemen- 
tary instruction that has ever appeared ; and were we allowed 
to give our opinion on the subject, we should say with the lat- 
ter, that the work has no equal. — But although Euclid has done 
much as an elementary writer, he has not done all; a wide 
field is open for others to traverse, and accordingly we find 
that in this as well as in the last age, geometers have atteinjited 
both to enlarge and improve the labours of the Grecian sage. 
Among these we again find the name of Isaac Newton. This 
gentleman has for some time been a respectable contributor to 
Uie different periodical publications of the day. The number 
of valuable and curious questions he has proposed, and the 
neat and elegant solutions he has given, indicate how well his 
mind is fitted for those studies which one of his name (whose 
stupendous imagination comprehended the world) pursued 
with the most splendid success. 

The publication of Mr. Newton professes to be an Appen- 
dix to Euclid’s Elements. The author in his preface judiciously 
remarks, that in order to become a geometer, it is not enough 
merely to read the writings of the illustrious Greek ; some- 
thing more is wanted to rouse the curiosity of the student and 
stimulate him to active exertion. For this purpose Mr. New- 
ton has drawn up a series of choice propositions, and arranged 

them 
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them so as to form valuable exercises undex* the con*espoiident 
propositions in the Elements. The execution of this little work 
meets our approbation, and we hope much good will be de- 
rived from its perusal. We regret, however, to find that Mr. N. 
in framing some of the theorems does not express himself in 
definite language — Take for example, prop. 1 1, book 1st. “ In 
one of the sides of a given ti'iangle, to find a point that shall be 
equidistant from two given points in the base.” We confess that 
under the present form ol‘ the proposition we do not see how 
this is to be done, that is, generally ; and we fear that many of 
Mr. Newton’s readers will find themselves similarly situated. 
We have however no doubt but Mr. Newton thought, although 
ho has not written, mathematically ; and to show him how we 
are puzzled by his Proposition, we shall take a particular ex- 
amj)le of our own ; and we expect that our failure in attempt- 
ing to solve it will induce Mr. Newton to remove this and si- 
milar defects in tlie next edition. 

•Suppose the tw’o sides of a triangle to be the one 24 yards, 
the other 27, and the base 30. Now let the given points in 
the base be, the one distant from one extremity 10 yards, and 
the other 25, making an interval between the points of 15 yards. 

Find a point in the shorter side that shall be equidistant 
from both the given points. 

The propositions in the Data are possessed of considerable 
merit; and those entitled ^^promiscuous” cannot fail to be highly 
useful to such as can find time and have a taste for geometri- 
cal pursuits. The practical examples under the head “ Trigo- 
nometry” form an acquisition to the work of no small conse- 
quence; and their being accompanied by the table of sines and 
tangents required in the solution, puts it in the reader’s power 
actujxlly to determine what is required. 

We cannot conclude, without again expressing our high 
approbation of tliis little performance taken as a whole, and 
earnestly recommend it to every geometrical student as a col- 
lection of valuable exercises. Y. X. 


A Letter to the Editors of the Philosophical Magazine and 
Journal^ upon the Correspondence between James Edwakd 
Smith, and Mr. Lindley, which has lately appealed in 
that Journal. By John Lindley, Esq. F.L.S. ^c. Ridg- 
way and Sons. 

We learn from this pamphlet, addressed to ourselves, that 
its appearance has been occasioned by our having decided 
against a further^ continuation in our Journal of the controver- 

B alluded to, iii declining to insert a second reply from Mr. 
indley ; which he has now therefore published in a separate 

D d 2 form 
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form, together with the correspondence already printed in the 
Philosophical Magazine, and accompanied by some animad- 
version^on the soundness of our judgement in the performance 
of our editorial duty in the present case. 

The Editors of this Journal have more than once had oc> 
casion to deprecate the uncourteous style and acrimonious 
feeling too often, and most unnecessarily, introduced into sci- 
entific controversy ; and in several instances they have, as in 
the present case, judged it right to refuse to allow those pages 
to be occupied with angry personalities, which should be devoted 
to the advancement of knowledge. ITie present Editor is fully 
disposed to pursue the same course, as most agreeable to him- 
self and most advantageous to the cause of science. 

In the present instance the Editor must rest his justification 
entirely on tlie tone and temper of Mr. Lindley’s letters : he 
is quite at a loss to find anything in the first letter of Sir 
.T. E. Smith that could call for the style which Mr. Lindley has 
unfortunately adopted, and against which, with the most friendly 
feelings towards that gentleman, he thought it right lo protest. 
The first letter of Sir J. E. Smith, instead of being intended as 
an attack on Mr. Lindley, originated, as the Editor is fully 
persuaded, in the kindness of the writer towards himself, and 
a wish to assist the Philosophical Magazine by an occasional 
contribution. 

Mr. Lindley alleges that he has only “ imitated the contro- 
versial manner peculiar to Sir J. E. Smith” ! Here the Editor is' 
completely at issue with him; and concludes by confidently 
appealing to the entire diflcrence of their “ controversial man- 
ner ” as his justification for declining to insert the reply, wholly 
disavowing those partial or prudential motives which are sug- 
gested in this pamphlet. 

Recently published. 

The Second Part of the Philosophical Transactions of the 
Royal Society for 1 824, has just appeared, and the following 
are its contents : 

Some curious Facts respecting the Walrus and Seal, dis- 
covered by the Examination of Specimens brought to England 
by the different Ships lately returned from the Polar Circle. 
By Sir Everard Home, Bart. V. P.R.S. In a Letter addressed 
to Sir Humphry Davj^, Bart. Pres. Il.S. — Additional Experi- 
ments and Observations on the Application of Electrical Com- 
binations lo the Preservation of the Copper Sheathing of 
Ships, and to other purposes. By Sir Humphry Davy, l^art. 
Pres. R.S.* — On the Apparent Direction of Eyes in a Por- 

* Given in the present Number, p. 203. 
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trait. By William Hyde Wollaston, M.D. and V.P.R.S. — 
Further particulars of a case of Piieiimato-thorax. By John 
Davy, M.D. F.R.S. — On the Action of finely divided Platinum 
on Gaseous Mixtures, and its Application to their Analysis. 
By William Henry, M.D. F.R.S. — A Comparison of Barome- 
trical Measurement, with the Trigonometrical Determination 
of a Height at Spitzbergen. By Captain Edward Sabine, of 
the Royal Regiment of Artillery, F.R.S.-- Experimental In- 
quiries relative to the Distribution and Changes of the Mag- 
netic Intensity in Ships of War. By George Harvey, Esq. Com- 
municated by John Barrow, Esq. F.R.S — Experiments on 
the Elasticity and Strength of hard and soft Steel. In a 
Letter to Thomas Young, M.D. For. Sec. R.S. By Mr. 
Thomas Tredgold, Civil Engineer. Communicated by Dr. 
Young. — A short Account of some Observations made with 
Chronometers in two Expeditions sent out by the Admiralty, 
at the recommendation of the Board of Longitude, for ascer- 
taining the Longitude of Madeira and of Falmouth. In a Let- 
ter to Thomas Young, M.D. For. Sec. R.S. and Secretary to 
the Board of Longitude. By Dr. John Lewis Tiarks. Commu- 
nicated by Dr. Young. — (Jf the Effects of the Density of Air 
on the Rates of Chronometers. By George Harvey, F.R.S.E. 
Communicated by Davies Gilbert, Ks(j. V.P.R.S. — A Letter 
from Lewis Weston Dillwyn, Esq. F.R.S. addressed to Sir 
Humphry Davy, Bart. P.R.S. — An Account of tlie Organs of 
Generation of the Mexican Proeteus, called by the natives 
Axolotl. By Sir Everard Home, Bart. V.P.R.S. — An Account 
of Experiments on the Velocity of Sound, made in Holland. 
By. Dr. G. Moll, Professor of Natural Philosophy in the Uni- 
versity of Utrecht, and Dr. A. Van Beek. Communicated by 
Capt. H. Kater, F.R.S. — A Catalogue of nearly all the prin- 
cipal fixed Stars between the Zenith of Cape Town, Cape of 
Good Hope, and the South Pole, reduced to the 1st of Ja- 
nuary 1824^ By the Rev. Fearon Fallows, M.A. F.R.S. — 
Remarks on the Parallax of a Lyrm. By J. Brinkley, D.D. 
F.R.S. Andrew’s Professor of Astronomy in the University 
of Dublin. — Appendix : — List of Presents : — Meteorological 
Journal. 

leones Fossilium sectiles^ mictore C. E. Konig^ F.R. & L.S. 
&c. &c. Sowerby, No. 156, Regent-street. 

Corso Analitico di Chimica. Analytical Course of Chemis- 
try, by M. Mojon. Genes, 1825. 

Chimica applicata alV AgricoUura. M. Chaptal’s Agricul- 
tural Chemistry, translated by M. Primo. Milan, 1824'. 

Caroli Lthncei Philosophia Botanica ; editio aucta et ernen- 
data. Tournay, 1 824. 
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Traite elementaire de Physique; par C. Desprctz. Paris, 
1824. 

Coup deceit sur les Mmes; par L. Elie de Beaumont^ Inge- 
nieur des Mines. Paris, 1824. 


In the Press. 

The Mine Laws of Mexico, which are but little known in 
this country, are now translating from the last regulated code, 
in the original Spanish, and will shortly be ready ; with Obser- 
vations on Mines generally, as also the Mining Associa- 
tions. 


XXXVII. Proceedings of Learned Socitties. 

ROYAL SOCIETY. 

March 3. — E readings of Dr. Williams’s paper On the 
*■- maternal-foetal circulation was resumed and 
concluded: and Dr. J. R. Johnson, F.R.S. communicated 
some further observations on the genus Planaria. 

March 10. — J. F. W. Herschel, Esq. Sec. R.S. communi- 
cated a pajier entitled Improvements on Leslie’s Photometer ; 
by W. Ritchie, A.M. 

March 17. — The Society for promoting Animal Chemistry 
communicated a paper by Sir E. Home, Bart. V.P.R.S. en- 
titled Observations on the influence of the nerves and gan- 
glions in producing animal heat. 

March 24. — A paper was read, entitled Results of meteoro- 
logical observations taken at the Madras observatory; by 
John Goldingham, Esq. F.R.S. : aiid the Society then ad- 
journed over two Thursdays, to meet again on the Mth of April. 


LINNA-UN SOCIETY. 

March 1 and 15. — The reading of Messrs. Sheppard and 
Whitear’s paper On the birds of Norfolk and Suffolk, and of 
Dr. Hamilton’s Commentary on the Hortiis Malabaricus^ was 
continued. 


GEOLOGICAL SOCIETY. 

Feb. 18. — A paper by Professor Buckland was read, On the 
Valley of Kingsclere, near Newbury, and the evidence it af- 
fords of disturbances affecting the green sand, chalk, and 
plastic clay formations. 

The object of this paper is to describe the phaenomena of a 
small valley near Kingsclere, in which the green sand strata 
are protruded to the surface through the chalk and plastic 
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clay, at a spot situated within the area of the chalk basin of 
Newbury, and affording a remarkable exception to the general 
regularity of that basin. 

This irregularity of structure has apparently originated 
from a sudden elevation of the chalk, accompanied by frac- 
ture and an inverted dip ; its position is remarkable as being 
near Inkpen Hill, a point where the chalk rises to 1011 feet, 
the highest elevation it attains in England. 

In the valley subjacent to the Inkpen ridge, and near its 
north base, the chalk dips rapidly in two opposite directions, 
nearly north and south, on each side of a central axis or anti- 
clinal line ; and a little further east the green sand also emerges 
with a similar double dip, and forms the small valley of Kings- 
clere, surrounded on all sides with an hiclosing escarpment of 
chalk. 

The north frontier of this valley is in close contact with well 
characterized deposits of plastic clay dipping like itself rapidly 
towards the north. Four similar valleys are adduced in the 
counties of Wilts and Dorset ; and the author concludes re- 
specting them all, that it is utterly impossible to explain their 
origin by denudation alone, nor indeed without referring tlie 
present position of their component strata to a force acting 
from below and elevating the strata along the line of the cen- 
tral axis of the valleys in question. To valleys of this kind the 
author applies the appellation of Valleys of Elevation, to distin- 
guish them from those which owe their origin simply to dilu- 
vial denudation. He then proceeds to show that the valleys of 
Pewsey near Devizes, and of the Wily and the Nadder above 
Salisbury, have also to a certain degree been affected by a force 
acting from beneath and elevating the strata at a period ante- 
cedent to their bein^ submitted to denudation; and concludes 
that not only these inclosed valleys similar to that of Kings- 
clere, but many open valleys also (though in all cases modified 
by subsequent denudation), had a prior origin, arising^from the 
fracture and elevation of their component strata. This must 
have happened in the case of the weald of Kent and Sussex, 
inclosed as it is with an escarpment of chalk dipping every 
where outwards in opposite directions, and sometimes very 
rapidly along the North and South Downs. 

The author proceeds to illustrate, by the position of the 
strata of plastic clay in the same district, the important geolo- 
gical question, — whether the chalk was disposed in its present 
form of troughs or basins before or after the deposition of the 
tertiary formations now inclosed in them; and to show that the 
present inclination of the strata along the south frontier of the 
basins of London and Hants took place since the deposition 
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of the plastic, and probably also of the London clays ; and 
that these two basins were once connected together across the 
now interriiediate chalky strata of the downs of Hants, Wills, 
and Dorset; since it appears that the plastic clay formation is 
so far from being limited to the lower levels of the present 
basins, that large residuary fragments of it still occur on the 
summits of the most elevated portions of chalk in these coun- 
ties, e,g, on the summit of Inkpen near Newbury, and on that 
of Blackdowii near Abbotsbury, as well as on the top of Chid- 
bury and Beacon hills in the highest part of Salisbury plain. 
The strata that covered the intermediate spaces have probably 
been removed by diluvial denudation, and the destructible na- 
ture of their component materials would render them |>ecu- 
liarly liable to be swept away by the transit of violent currents 
of water. The wreck of the harder portions of the sandy 
strata thus destroyed forms the sandstone blocks called Grey 
Weathers that lie loosely scattered on the naked surface of the 
chalk in all these counties, and of which Stonehenge is con- 
structed. In lower levels within the existing basins these 
same strata have been less destroyed, in consequence of the 
greater protection their low position has afforded them from 
the ravages of diluvial denudation. 

The author concludes with referring to the occurrence of 
similar tertiary strata, as well as of chalk and green sand, on 
the summits of the Savoy Alps, nearly 10,000 feet above the 
level of the sea, where they seem to bear tlie same relation to 
the tertiary strata of the valleys of Italy, France, and Germany, 
that our trifling elevations ot Inkpen, Blackdown, &c. bear to 
the basins of London and Hants ; and concludes that since the 
depositions of these beds, either by the elevation of the moun- 
tains or the depression of the valleys, or the united effect of 
both these causes, the relative level of the one to the other has 
been changed to the amount of many thousand feet. 

March 4?. — A notice was read On some silicified wood from 
the desert between Cairo and Suez, in a letter from George 
Francis Gi*ey, Esq. to the Rev. W. Buckland, Pres. G.S. 

. Large masses of silicifled wood, resembling in form the 
trunks of palm-trees, lie scattered, the author observes, over a 
tract of gravel in the desert, about 15 miles from Cairo, and 
for two days’ journey all the way from that place to Suez. 

A notice was also read On the bones of several animals found 
in peat near Romsey in Hampshire, extracted from a letter 
from Charles Daman, Eso. to the Rev.W. Buckland, P.G.S. 

Mr. ‘Daman mentions that the skulls of several beavers, as 
well as the bones of oxen, swine, stags and roe-bucks, have 
been dug out of the peat near Romsey and out of the shell 
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marl proviiicially termed “ malen, ” which occurs in the same 
alluvial tract. In one place several human skeletons have been 
taken out of the marl. 

A paper entitled, Observations on the beds of clay, sand and 
gravel, belonging to the red marl formation of the midland 
counties, and on the rocks from which they are derived, by the 
Rev. James Yates, M^G.S., was read in part. 

ASTRONOMICAL SOCIETY. 

March 1 1.-— There was read ‘‘An account of the arrival and 
erection of Fraunhofer’s lar^e Refracting Telescope at the Ob- 
servatory of the Imperial University at Dorpat communi- 
cated in a letter from Prof. Struve to Francis Baily, Esq. Pre- 
sident. Prof. Struve received this telescope in November last, 
and was happy to find that although it had trayelled more 
than 300 German miles, its several parts had been so carefully 
packed that none of them had sustained the slightest injury. 
When in a perpendicular position, the height of the object- 
glass is 16 feet 4? inches (Paris measure) from the floor, 13 feet 
7 inches of which belong to the telescope itself ; so that the 
eye-glass stands 2 feet 7 inches from the floor. The diameter 
of the object-glass is 9 Paris inches (about 9| inches English). 
The weight of the whole instrument is about 3000 Russian 
pounds. It is so constructed that it may be used as an equa-> 
torial. The upper part of the instrument consists of the tube, 
with its axis of motion, two graduated circles, and a variety of 
levers and counterpoises, producing the most perfect equili- 
brium in every direction, and providing against all friction. 
The declination circle is divided from 10' to lO', but by means 
of the vernier may be read off to 5". The instrument may be 
turned in declination with the finger, and round the polar axis 
with still less force. 

The most perfect motion round the polar axis is produced 
by means of clock-work, which is the principal feature of this 
instrument, and the greatest triumph for the artist, the mecha- 
nism being as simple as it is ingenious. A weight, attached 
to a projection connected with tne endless screw, overcomes 
the friction of the machine. The clock vibrating in a circle 
regulates the motion by moving an endless screw connected 
with a second wheel in the above projection. The weight of 
the clock as well as that of the friction may be wound up with- 
out the motion being interrupted* When the telescope is thus 
kept in motioir, the star will remain quietly in the centre, even 
when magnified 700 times. At the same time there is not the 
least shake or wavering of the tube, and it seems as if we were 
observing aa immovable sky. 

V^ol. 65. No. 323. March 1825. E e But 
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But the artist has done still more ; he has introduced a hand 
on a graduated dial of the clock, by which the motion of the 
latter ca\i be instantly altered ; so that a star may be brought 
to any point of the field of vision to which it may suit the ob- 
server to carry it, according as it is required to make the course 
of the instrument go faster or slower than the motion of the 
heavens ; and if once placed, it may be kept in that position 
by returning the hand to its original position. The same me- 
chanism is also used to make the motion of the instrument co- 
incide with that of the sun and moon. 

This instrument has four eye-glasses, the least of which 
magnifies 175 times, and tlie largest 700 times. 

M. Struve has compared the power of this telescope with 
Shrocter’s 25-feet reflector, by means of which that astrono- 
mer saw <r Orionis twelve or thirteen fold ; whereas Struve 
clearly ascertained the existence of sixteen distinct stars. 

This instrument is furnished with four annular micrometers 
of Fraunhofer’s construction, and an excellent net-microineter 
of the same artist. By means of these it appears that the pro- 
bable error in the measurement of some minute distances, of 
7" and under, did not exceed the 18 th part of a second. The 
expense of this instrument was about 950/. sterling. 

There was also read a paper on A new Zenith Micro- 
meter by Charles Babbage, Esq. F.R.S. &c. The object of 
the inventor in this instrument is to supersede the necessity of 
extreme accuracy in the divisions. The principle on which' 
this instrument depends may be readily comprehended by 
imagining a parallelogram, admitting of free motion about its 
four angles, to be placed with two of its sides in a horizontal 
position, and the whole in a vertical plane ; and a telescope 
to be fixed at right angles to the lower horizontal bar of this 
parallelogram. Here every motion of one of the perpendicu- 
lar bars of the instrument round its upper joint will not change 
the angle which the telescope makes with the meridian, but 
will merely remove it into a new position, in which it will jioint 
to the same object in the heavens. But if either of the hori- 
zontal bars of the instrument be lengthened by a very small 
quantity, this parallelism of the telescope will no longer be 
preserved; but any movement of the upright bars rounci their 
axes will not only remove the telescope from its position, but 
will cause it to form a very small angle with its former direc- 
tion. The magnitude of that angle will depend on the altera- 
tion in the length of the arm of the parallelogram, and also 
on the angle which that arm makes with its first direction. 
The minutiae of the construction depend upon these conside- 
rations, but cannot be rendered intelligible without a diagram. 

The 
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The arc which is actually measured in the heavens by means 
of this instrument is determined by a formula, in which the 
sum of three arcs is taken from the semicircuiiiforence; one of 
them resulting from the actual observation, the other two 
from a cosine and a tangent, ascertainable by computation 
from the theorem itself. In an extensive use of this microme- 
ter, tables may easily be formed to facilitate the computation. 


ROYAL IRISH ACADEMY. 

On Thursday, the 16th of March, the annual elections at 
the Royal Irish Academy took place, when the several official 
departments were filled up as follow : — President: Rev. John 
Brinkley, D.D. F.R.S. &c. — Vice-Presidents : Joseph Clarke, 
M.D.; Colonel Edward Hill; the Provost of Trinity College, 
Dublin; Win. Brooke, M.D. — Treasurer n\. Brooke, M.L). 
— Secretaries: Rev. J. II. Singer, D.D. F.T.C.D. ; Rev. F. 
Sadleir, D.D. S.F.T.C.D. — Secretary of Foreign Correspon- 
dence: Colonel E. Hill. — lAhrarian: Rev.W. H. Drummond, 
D.D. — Committee of Science : The Archbisho[) of Dublin ; 
Joseph Clarke, M.D.; the Provost; Rev. F. Sadleir, D.D. 
S.F.T.C.D.; Sir C. L. Giesecke; Rev. R. MacDonnell, 
D.D. F.T.C.D.; Rev. Dionysius Lardner, K.M..— Committee 
of Polite Literature : Rev. J. II. Singer, D.D. 1<\T.C.D. ; 
Andr. Carmichael, Esq. ; Sam. Litton, M.D. ; Rev. C. R. El- 
rington, D.D. F.T.C.D.; Rev. W. H. Drummond, D.D. ; 
Geo. Kiernan, Esq. ; M.W. Ilartstoiige, Yj: 6C\.— Committee of 
Antiquities: Colonel E. Hill; Win. Brooke, M.D. ; Isaac 
D’Olier, LL.D. ; Rev. H. H. Harte, F.T.C.D.; Tho. H. 
Orpen, M.D. ; Hugh Ferguson, M.D. ; Sir F. L. Blosse, 
Bart. 


MEDICAL SOCIETY OF LONDON. 

The fifty-second Anniversary Meeting of this Society w'as 
held on Tuesday, the 8th of March, at the London Coffee- 
house, Ludgate-hill, William Shearman, M.D. President, in 
the chair. The Officers and Council for the year ensuing are: 

President : Henry Cliitterbuck, M.D.— Vice-Presidents : 
H. J. Cholnily, M.D. ; James .Tohnson, M.D. ; Sir Astley 
Paston Cooper, Bart. F.R.S.; and William Kingdon, Esq. 
— Treasurer : John Andree, Esq. — Librarian : David Uwiiis, 
'iJL.Ty.Sec7*€taries : T. J. Pettigrew, Esq. F.A.S. F.L.S. ; 
and Thomas Callaw^ay, - Esq. — Fm^eign Secretary: Leonard 
Stewart, M.D. — Comwc//.* Thomas Walshman, M.D.; William 
Shearman, M.D. ; George Darling, M.D.; Thomas Cox, M.D. ; 
John Russell, M.D.; J. B. James, M.D. F.L.S.; Edward 
Morton, M.D. ; George Drysdale ; Edward Sutcliffe ; Burton 
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Brown ; James Dunlap ; William Lake ; Kennedy Johnson ; 
Samuel .^shwell ; E. A, Lloyd ; James Hancley ; Edward 
Leese ; Henry Edwards ; W. D. Cordell ; Joseph Amesbury ; 
William Burrows ; Septimus Wray; H. B. C. Hillier ; Mon- 
tague Gosset ; T. W. Chevalier ; George LangstafF ; J. C. 
Taunton ; Henry Hensleigh ; J. M, Mugglestono ; J. S. 
Smith ; R. W. Bampheld ; Robert Brien ; Robert Blicke ; and 
Martin Ware, Esquires. 

To deliver the anniversary oration in March 1826, John 
Haslam, M.D. — Registrar : James Field, Esq. 

Mr. E. A. Lloyd delivered the annual oration ; the subject 
was the “ Constitutional Treatment of Organic Diseases.” The 
Fellows and their friends then adjourned to dinner in thegi'eat 
room of the tavern. The Ex-President, William Shearman, 
M.D., as usual, taking the chair. The number present was 
ninety. 

In conformity with the will of the late Dr. Anthony Fother- 
gill, the Society offers the Annual Gold Medal, value twenty 
guineas, for the best dissertation on a subject proposed by 
them, for which prize the learned of all countries are invited 
as candidates. 

The subject for this year is The Nature and Treatment 
of Carcinoma.” 

1. Each dissertation must be delivered to the registrar, in 
the Latin or English language, on or before the first of De- 
cember. 

2. With it must be delivered a sealed packet with some 
motto or device on the outside, and within, the author's name 
and designation, that the Society may know how to address 
the successful candidate. 

3. No paper in the handwriting of the author, or with his 
name affixed, can be received ; and if the author of any paper 
shall directly or indirectly discover himself to the Committee 
of papers, or any member thereof, such paper will be excluded 
from all competion for the medal. 

4. The prize medal will be presented to the successful can- 
didate, or his substitute, at the Anniversary Meeting of the 
Society in March 1826. 

5. All the dissertations, ^ the successful one excepted, will 
be returned, if desired, with the sealed packet unopened. 

The subject of the dissertation for the year 1826-7 
is << Contagion and Infection.” 


MEDICO-BOTANICAL SOCIETY. 

At 8 meeting of the Medico- Botanical Society of London, 
holden the 11th of March Uie following particulars of the 

New 
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New Essential Oil of Lauras, (written by Dr. Flancock of De^ 
merara, and communicated to the Society by Lieut. Friend. 
R.N. F.R.S.) were read. — 

The knowledge of this oil has hitherto been almost exclu- 
sively confined to the natives of Spanish Guiana. This sub- 
sbincc, w'hich has been very injudiciously termed Azeyte de 
Sassafras^ (an appellation which tends to confound it with the 
essential oil yielded by the Lmmis Sassafras of the northern 
continent of America,) affords, so far as my knowledge ex- 
tends, an extraordinary and solitary instance of the produc- 
tion of a perfectly volatile liquid without the aid of art. Sub- 
stituting for the appellation to which I have objected the pro- 
visional name ‘ Native Oil of Laurel,* I shall describe the me- 
thod of procuring it, and enumerate its principal chemical and 
medicinal properties, so far as they have been investigated and 
examined. The native oil is yielded by a tree of considera- 
ble magnitude ; its wood is aromatic, compact in its texture, 
of a brownish colour, and its root abounds with essential 
oil. This tree, which is found in the vast forests which cover 
the flat and fertile regions between the Oronooko and the 
Panine, has from an analogy already alluded to been suj>- 
posed to belouff to the natural order Lauri ; and though 
Humboldt and Bonpland do not seem to have been acquainted 
with its singular and important produce, its botanical cha- 
racters may very possibly have been dcscribeil in their Plantcc 
Equinoctiales under the genera Ocotca^ Persca^ or lAlsea. 
This question, however, I am unable to solve, as I have never 
seen the parts of fructification. 

The native oil of laurel is produced by striking with an 
axe the proper vessel in the internal layers of the bark, while 
a calabash is held to receive the fluid. So obscure, however, 
are the indications of these reservoirs, that the Indians (with 
perhaps a little of their usual exaggeration) assert that a per- 
son unacquainted with the art may hew down a hundred 
trees without collecting a drop of the precious fluid. In many 
of its properties the native oil resembles the essential oil ob-» 
tained by distillation and other artificial processes : it is, how- 
ever, more volatile and highly rectified than any of them, its 
specific gravity hardly exceeding that of alcohol. When pure 
it is colourless and transparent ; its taste is warm and pun- 
gent; its odour aromatic, and closely allied to that of the oily 
and resinous juice of the Coniferes : — so striking is this resem- 
blance, that a friend to whose inspection I submitted the oil 
pronounced it rather hastily to be spirits of turpentine. It is 
volatile, and evaporates without residuum at the atmospheric 
temperature. It is inflammable, burning entirely away, and 
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except when mixed witli alcohol gives out in its combustion a 
dense smoke. Neither the alkalies nor acids seem to exert 
any sensible action on the native oil. Upon dropping into 
it sulphuric acid, the latter assumes a momentary brownish 
tinge, but soon regains its transparency, remaining immiscible 
at‘ the bottom ot* the vessel. The oil of laurel dissolves 
camphor, caoutchouc, wax, and resins, and readily combines 
with the volatile and fixed oils. It is insoluble in water ; 
soluble in alcoliol and mther. Though the specific gravity of 
the oil exceeds that of aether, yet the compound formed by 
combining them in tl^e proportion of one part of the former 
to two of the latter, floats u})on the surface of pure aether, and 
may therefore be the lightest of all knowm liquids. 

“ With respect to the medicinal properties of the native oil, 
it bears when externally applied the character of a powerful 
discutient, and appears when exhibited internally to be a 
diaphoretic, diuretic, and resolvent. By many it is believed to 
be analeptic, alterative, anodyne, and to promote the exfolia- 
tion of carious bones. Without listening to the extravagant 
reports of the Indians, who exalt it into a panacea, we must 
admit that its cflicacy has been demonstrated in cases of rheu- 
matism, swellings of the joints, cold tremours, pains in the 
limbs, and in various tlisorders supposed to originate in a 
vitiated state of the blood {mala sangre). 

‘‘ In all these cases it is exhibited in doses of 20 to 24- drops 
on sugar twice a day, accompanied by frequent and long con- 
tinued friction of the parts affected with the oil ; while the body 
is kept moderately warm and a free use of diluting drinks pre- 
scribed to the patient. The same practice is said to have been 
attended with the happiest effect in paralytic disorders : for this 
I cannot vouch ; but have found it a valuable remedy in cases 
of nervous and rheumatic head-ache, sprains, and bruises. A 
decoction of the root has been employed as an alterative in 
various chronic complaints, and with much success. I am fully 
aware of the re-action that often results from over-excited and 
disappointed expectation, and the discredit into which a new 
remedy frequently falls in consequence of the unmerited en- 
comiums which those who bring it into notice liave injudiciouly 
bestowed upon its virtues : 

Quicquid excessit moclum 
Pendet instabili loco. 

Hpwever slight the credibility we may feel inclined to at- 
tach to the evidence of the Indians, (upon which our knowledge 
of the medicinal properties of the native oil almost entirely 
r^poses^) the intbrmation derived from experience surely 
elaims that attention, and justly challenges that examination 
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wnich we should not hesitate to bestow upon the speculations 
of the mere theorist. Let inquiries be instituted and experi- 
ments be made by those who by situation and scientific attain- 
ments are qualified for the task. By these investigations it 
may not only be ascertained what degree of confideiice ought 
to be reposed in the unqualified encomiums which the Indians 
lavish upon this anomalous production, but properties un- 
known to them may be discovered, and its history, which they 
have been accused (perhaps unjustly) of involving in obscurity, 
be satisfactorily elucidated. 

“ To the chemist and the vegetable physiologist in particu- 
lar, the native oil of laurel, elaborated by the unassisted hand 
of Nature in a state of purity which the operose processes of Art 
may equal but cannot surpass, presents an interesting subject 
for inquiry and a wide field for speculation.’’ 


ROYAL ACADEMY OF SCIENCES OF PARIS. 

Dec. 1 3. — A sealed note relative to a new experiment was 
deposited with the secretary by M. Fresnel. — M. Jules Cloquet 
read a memoir on the effects and mode of effecting acupunc- 
turation. — M. Bascary, in the artillery service, presented two 
memoirs on perspective : the first on a portable instrument, 
called a Coordonometet\ designed to draw exactly after nature 
the perspective of any plane or spot whatsoever ; the second, on 
the adoption and utility of exact perspective: with applications 
to military drawing. (Messrs, de Prony and Fresnel, com- 
missioners.) — The Academy proceeded to a scrutiny of votes 
for the election of a member of the botanical section, to fill up 
the vacancy left by M. Thouin. Out of 52 votes, M. le Vicomte 
de Morel de Vinde obtained 46 suffrages ; M. Aug. Saint- 
Hilaire 3; M. Emmanuel d’Harcourt 1; M. Michaux 1: 
M. Morel de Vinde was declared elected. — M. de Ferussac 
read a memoir On the geography of the Molhisca. The sec- 
tions of Agriculture and Botany presented, as candidates for the 
Chair of culture and naturalization of exotic plants at the Mu- 
seum of Natural History, MM. de Mirbel and Bose. 

Dec. 20.— M. Geoffroy Saint-Hilaire presented two of his 
memoirs ; one entitled The composition of the osseous head of 
man and of animals, extracted fi'om the Annalcs des Sciences 
Naturellcs; the other, an article extracted from the eleventh 
volume of the Mhnoires du Museum d! Histoire Naturelle, is 
entitled, Of the opercular and auricular fins of fishes, considered 
as a principal point on which should turn every research re-r 
specting the determination of the parts or pieces w’hich com- 
pose the cranium of animals, followed by synoptical tables, ex- 
hibiting the number and explaining the composition of these 
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parts. — M. Desmoulins, who had previously read to the Aca- 
demy, ox\ the 31st May last, a memoir on the differences ex- 
isting between the nervous system of the lamprey and that of 
the vertebrated animals, presented to the Academy the result 
of new observations which he has been making at Houen, since 
the commencement of December, on two other species of 
Petromyzon. — M. Magendie read a memoir On a liquid which 
is found in the cavity of the vertebral canal, and in a portion 
of that of the cranium in man, as also in a portion of tliat of 
the mammiferous animals in general. The Academy proceeded 
to the election for the above-named professorship at the jMiw- 
seum (THistoire Naturelle. The number of votes were 53. 
M. Mirbel had 28; M. Bose 24*; and M. Saint-Hilaire 1. 
The proces-verbal of this election wdll be addressed to the 
Minister of the Interior. 

Dec. 27-: — M. the Keeper of the Seals, invited the Academy 
to nominate one of its members to form part of the commis- 
sion for reporting upon the types of the royal printing office. 
M. Lacroix was appointed to this service. — M. Mathieu was 
named, instead of M. Cauchy, member of the commission for 
examining the papers of M. Feyrard. — M. Delise de Vire read 
the remainder of his History of Lichens : this was transmit- 
ted to the commissioners alreadynamcd, MM. Desfontaines and 
Bose. — M. Clapeyron addressed, on the part of an author who 
had not made himself known, the description of a machine for 
the prize of M. de Monthyon.— An anonymous memoir On 
apoplexy, for the prize of M. de Monthyon, was also deposited 
by one of the secretaries. — M. Arago presented a memoir 
On the action exercised by copper, with respect to the oscil- 
lations of the magnetic needle. (MM. Poisson, Ampere and 
Dulong, commissioners.) — M. Vauquelin made a verbal report 
upon the Dictionary of Chemistry of M. Pelletan junior,— 
M. Magendie communicated, verbally, some new details rela- 
tive to the liquid contained in the cranium and vertebral canal. 
He opened, at the hospital de la Charity, the body of a man 
recently dead. The veriebral canal w^as entirely filled with 
liquid. This liquid surrounds the anterior nerves of the in- 
teriors; it equally separates the several fibres, both of the 
nerves of sensation and those of motion. It appears to be 
more abundant in man than in animals. — M. Poisson read a 
second memoir On the theory of magnetism.— M. Flourens 
read a memoir On the brain of fishes. This he connected 
with the subjects of two other memoirs : the first On the cicatri 
zation of wounds of the brain, and the re-production of the in- 
^umental parts; the second, On the fundamenttd condition- 
dithe hearing, and on the several causes of deafness. (MM. 
Cuvier, de Humboldt, Portal, Dum^ril and Dulong, com- 
missioners).. — 
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missioners). — M. Cauchy presented two memoirs, On the in- 
tegration of linear eejuations, and On their application to va- 
rious problems in physics. 


XXXVI 1 1. Intelligence and Miscellaneous Articles, 

MR. barlow’s magnetic AL DISCOVERIES. 

emperor of Russia has presented Mr. Barlow, of the 
Royal Military Academy, (through his excellency Count 
Lieveii,) with a valuable gold watch and rich dress chain, as a 
mark of the value which his majesty places upon the magne- 
tical discoveries of that gentleman, and on their important ap- 
plication to the inij)rovement and security of navigation. We 
ai‘e glad also to add that the East India Board has followed 
the cxam})le of the Admiralty and Trinity Boards, and pre- 
sented Mr. Barlow with the sum of two hundred pounds. 
Mr, Barlow not having availed himself of a patent right for 
his correcting plate, is justly entitled to these marks or [uiblic 
acknowledgcment- 

IMPORTANT CORRECTION RELATIVE TO THE CURE OF GLAN- 
DERS. 

We have been informed on good authority that the fit mode 
of exhibition of the sulphate of copper, as a remedy for the 
contagious glanders of horses, (noticed in Phil. Mag. for Sep- 
tember 1824*,) is in a liquid state, and not as usual in a ball : it 
is supposed the form of a hall occasions the medicine to remain 
so long in the stomach as to produce mischief from irritation. 

USE OF CROTON TIGLIUM IN VETERINARY MEDICINE. 

It is well known that horses do not easily undergo the of^- 
ration of purging, and scarcely any cathartic which readily 
affects the human bowels operates on the brute creature. Aloes 
alone, or along with calomel, purges the horse. Oil, indeed, is 
also slightly laxative ; but of late an accession has been made 
by the oil of Croton Tiglium, revived by Mr. Short. This, 
in the dose of 1 5 to 25 drops, works as effectually as aloes : 
but the latest improvement is the exhibition of the dried seeds, 
or even the husk of the dried seeds after the oil has been ex- 
pressed, 20 to 30 grains of which answers as well as the oil 
of Croton. 

The danger from an over-dose is as great from this new 
drug as from ^loes. For a small and weakly horse the dose 
should be less than above stated. Five grains of the Croton 
seeds is calculated to be equal to about one drachm of aloes 
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for producing nausea ; and of course six times this quantity as 
a purge, is equal to six drachms of aloes. . 

A single grain of the Croton Tiglium seeds, or even half 
a grain, is a powerful purgative to the human creature, 
llumphius of old speaks of 4* grains of the seeds as a poi- 
son used by wicked wives to get rid of their husbands.” 


siemen’s improvement on the process of making brandy 
FROM potatoes. 

The introduction of this process, which has been adopted 
in many parts of Germany and in the north of Europe, has 
been recommended to the Swedish government by M. Ber- 
zelius, and to the Danish government by Professor Oersted. 
From the trials made at Copenhagen, it would appear that 
one-third more brandy is produced than by the usual processes. 
In Professor Oersted’s report, we find the following account 
of the process : — The potatoes are put into a close wooden 
vessel, and exposed to the action of steam, which heats them 
more than boiling water. The potatoes can thus be reduced 
to the state of the finest paste with the greatest facility, it 
being necessary only to stir them with an iron instrument 
furnished with cross pieces. Boiling water is then added to 
the paste, and afterv^ards a little potash, rendered caustic by 
quicklime. This dissolves the vegetable albumen which op- 
poses the complete conversion of the potato starch into a fluid. 
Professor Oersted frees the potato brandy from its peculiar 
flavour by means of the chlorate of potash, which is said to 
make it eqiial to the best brandy made from wine , — GilVs 
Tech. Repos. 


NATURE OF WHITE PRECIPITATE. 

In some inquiries connected with the prejiaration of calomel 
upon the large scale conducted in the laboratories at Apo- 
thecaries^ Hall, Mr. Hennell has discovered several curious 
and important facts respecting the chlorides of mercury, more 
esj)ecially in relation to the triple compounds formed by corro- 
sive sublimate with other chlorides. He has ascertained that 
certain chlorides which appear to have no action upon calomel 
at common temperatures, decompose it at a boiling heat, to a 
greater or less extent, and resolve it into- corrosive sublimate 
and metallic mercury. 

“ I had repeatedly noticed,” he observes, “ a bluish tint 
which calomel acquires when washed in a boiling solution of 
muriate of ammonia, as directed by the London Pharma- 
copoeia, to remove corrosive sublimate. To ascertain tlie 
cause, I boiled 100 grains of pure calomel in a solution of 

muriate 
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muriate of ammonia, containing ]()0 graiiis of the salt. The 
change of colour in a few minutes was very evident. The so- 
lution, when tested, contained corrosive suoliinate. The boil- 
ing was continued with four other portions of muriate of am- 
monia, 100 grains each; when the calomel was entirely decom- 
posed, 4*0 grains of mercury remained. Sixty grains of wdiite 
precipitate were obtained from the solutions by carbonate of 
soda. There was no deconiposition of the sal ammoniac. 
With common salt I obtained the same results, mercury re- 
maining, and white precipitate being thrown down from the 
solutions, by liquid athmonin. Common salt is not so active 
in producing these changes ; as ten portions of 100 grains each 
were used before the decomposition of 100 grains of calomel 
was complete. Muriate of potass and the earthy muriates 
have, I have every reason to believe, the same power ; but I 
did not pusli the experiments as in the case of soda and am- 
monia.” 

The action of chlorides upon calomel Mr. Ilennell has par- 
ticularly investigated in respect to common salt and muriate of 
ammonia, those being the substances usually employed for the 
purpose of washing calomel, under the idea of freeing it from 
corrosive sublimate, an effect which they fulfil when employed 
cold and in dilute solution only. But when perfectly pure 
calomel is boiled for a few minutes in a solution of muriate of 
ammonia or of common salt, and a portion of the liquor fil- 
tered off* and tested, a portion of sublimate is always found in 
it; and on boiling for a long time, the whole of the calomel is 
decomposed, and compoiinds of sal ammoniac and corrosive 
sublimate, and of common salt and corrosive sublimate, are 
obtained, an equivalent portion of metallic mercury being at 
the same time separated. 

These facts are peculiarly important in relation to the pre- 
paration of calomel, inasmuch as the Pharmacopoeia directs 
the use of a hot solution of muriate of ammonia, with the in- 
tention of freeing it from any accidental admixture of corro- 
sive sublimate ; and Dr. Henry, in describing the methods of 
ascertaining the purity of calomel, directs it to be boiled ' in 
solution of muriate of ammonia. ** When carbonate of po- 
tassa,” he observes, ‘‘ is added to the filtered solution, no pre- 
cipitation will ensue, if the calomel be pure*.” Several other 
chemists of eminence have given this as a criterion by which 
to recognise the presence ot corrosive sublimate in calomel ; 
whereas it appears from Mr. Henneirs experiments, that the 
protochloride of mercury is in such cases degomposed, and 
that perchloride is formed. 

• Elcmcnls of Experimental Chemistry, Dth edition, p. 588. 
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Having inferred from previous experiments that tlie “ white 
precipitate” was a compound of one proportional of peroxide 
of mercury and one of muriate of ammonia, Mr. liennell ve- 
rified his opinion as follows. A solution of one proportional 
of corrosive sublimate (=272) was mixed with a quantity of 
solution of ammonia, containing two proportionals (17x2 = 34) 
of that alkali ; a neutral mixture resulted, white precipitate w as 
formed, and one proportional of muriate of ammonia (am- 
monia 17 + muriatic acid 37 = 54 of muriate of ammonia) was 
found ill solution. In this case, the 2 proportionals of chlorine 
ill the sublimate (36 x2=72) were converted, at the expense 
of 2 proportionals of water, into 2 of muriatic acid, which, 
uniting with the ammonia, formed 2 of muriate of ammonia. 
The 2 proportionals of the oxygen from the water (equivalent 
to the 2 of hydrogen transferred to the chlorine) united to the 
1 proportional of mercury in the sublimate, to form 1 of per- 
oxide of mercury, which fell in combination wuth 1 of muriate 
of ammonia to constitute white precipitate ; while the other pro- 
portional of muriate remained as above stated in solution. The 
equivalent number, therefore, of white precipitate, is 270, and 
it consists of 

1 proportional of peroxide of mercury = 216 80 

1 — — ■ muriate of ammonia = 54 20 

270' Too 

Having thus synthetically established the composition of 
white precipitate, the following analytical exjieriment w^as made 
upon it : 270 grains were dissolved in hydrocyanic acid, and 
sulphuretted hydrogen was passed through the solution till it 
occasioned no further cliange ; the precipitate was then col- 
lected, washed, and dried : it weighed very nearly 232 grains, 
being the equivalent of bisulpliuret of mercury. The filtered 
liquor, on evaporation to dryness, left 54 {grains, or 1 propor- 
tional of muriate of ammonia. — Journal (J Science^ Jan. 1825. 


ELECl'RICAL CONDUCTING POWER OF ^lELTED RESINOUS 
BODIES. 

It is commonly stated that melted resins become good con- 
ductors of electricity, and freely allow of its transmission. The 
following experiments w^ere made with the view of determining 
to what extent they possessed this property. 

Common resin, shell-lac, asphaltum, bees-wax, red and black 
sealing-wax, were melted in separate glass tubes, fitted with 
wires for taking the electric spark : they all slowly arid with 
difficulty di^ew off the charge of a jar, and not with the facility 
usually supposed. The melted contents of the same tubes 
acted as non-conductors when made part of the Voltaic circuit. 

Several 
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yeveral ihin glass tubes (previously tried by metallic coat- 
ings) were coated outside with copper foil, and about half-filled 
with the melted substances, having wires dipping into them, 
similar to small Leyden vials. The resinous coating, how- 
ever, distributed no charge over the interior of the glass tubes 
when connected with the machine, which would have been the 
case with conductors. 

Upon removing the copper coatings and wires, substituting 
pointed wires bent at right angles, resting against the interior 
of the glass tube beneath the melted bodies, and sus])eiKling 
them successively from an electrified conductor, placing a 
metallic rod outside opposite the points, sparks passed in all 
cases perforating the glass. 

The last cases would indicate that melted resinous boclies 
are not conductors, and the results obtained in the first in- 
stance may })ossibly be referred to heated air about the ap- 
paratus. T. G . — Journal of Science^ Jan. 1825. 

MOTION OF THE ELECTRIC FLUID. 

It has long been received as a fact, that an electrical dis- 
charge was capable of being transmitted through a very con- 
siderable distance (say three or four miles) instantaneously, 
and without any sensible diminution of its intensity. Mr. 
Barlow, however, by employing wires of various lengths, up 
to 810 feet, and measuring the energy of the electric action by 
the deflection produced in a magnelic needle, has found tha:; 
the intensity diminishes very rapidly, and very nearly as the 
inverse square of the distance. Hence the idea of constructing 
electrical telegraphs is quite chimerical. He found, also, that 
the effect was greater with a wire of a certain size, than with 
t)ne smaller, yet that nothing was gained by increasing the 
ilianieter of the wire beyond a given limit. 

SURVEY OF THE PERSIAN GULF. 

The surveying vessels. Discovery and Psyche, will leave 
Bombay about the end of the month to continue the survey of 
the Persian Gulf; the examination of which has been com- 
pleted from Ras Moosendem, at the entrance, to the island of 
Bahrein. Until the year 1821, the coast, with the exception 
of a small portion containing the pirate ports, was compara- 
tively unknown. In the vicinity of the Cape it is high, rugged, 
and intersected by deep estuaries, the two largest of which 
have been named after the present governor of Bombay, 
and comniander-in-chief, Elphinstone’s Inlet, and Colville’s 
Cove. It was this part that obtained fi*om the ancients the 
denomination of Asabo, or Black Mountains ; without doubt 
from the colour of the rocks, which are principally composed 
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of black basalt and clinkstotie, with calcareous spar in veins. 
Some occurrences of the columniated basalt were observed, 
but th^ general arrangement was in the form of mountain 
caps, as they are termed by mineralogists. Several of the 
small valleys were in a high state of cultivation ; the soil being 
formed from the debris of the basalt, which is well known to 
afford one of the richest composts for vegetation. The in- 
habitants appeared a mixed race between the Bedouins and 
Muscat Arabs. The mountainous part of the coast terminates 
at Raumps, bet^veen which and the harbour of Abothnbbe, 
are situated the pirate ports. Prom the last-mentioned place, 
to the westward, comprising 200 miles in longitude, and 150 
in latitude, the coast had hitherto never been explored by 
Europeans. Here were discovered numerous islands; be- 
tween a long chain of which, connected by extensive reefs, 
and the main, is an inlet, forty miles deep, navigable for the 
largest vessels, and sheltered from the prevailing heavy winds. 
The main land is formed in some parts of low sandy ground, 
and in others of hills, which are evidently of volcanic origin. 
The islands discovered by Capt. Maude have been surveyed, 
and distinct plans made of each ; stronger marks are here 
evinced of volcanic influence ; sulphur and its combinations 
are found in all ; the hills are conical, and contain volcanic 
scoriae, intermixed with argillaceous earth ; gypsum, in most 
of its varieties ; a recent formation of trap ; most of the ores 
of iron, and obsidian. In all parts of the gull^ particularly 
on the Persian shore, traces of a similar nature are found 
suffleient to denote its being what geologists would term a 
volcanic country, and which will readily account for the late 
earthquake in that quarter. The survey in June last termi- 
nated at the interesting island of Bahrein ; the topography 
of which is unknown, with the exception of a small part in 
the vicinity of the city. The whole line of coast was laid down 
by a continued series of triangles, and the principal positions 
were verified by celestial observations ; between the two ex- 
tremes it forms an irregular curve, comprising, with the 
various sinuosities, upwards of a thousand miles. The space 
between Bahrein and the mouth of the Euphrates will be 
completed by the close of the next cool season, unless any 
extraordinary difficulties should present themselves. — Bombay 
Gazette^ Sept. 22, 1824. 

M. VAUQUELTN ON THE PRESENCE OF TITANIUM IN MICA. 

We extract from the Annals of Philosophy for March 1825, 
the following notice by M. Vauquelin, on this subject, which 
gave ris^ to the memoir by M. Peschier, given in our present 
Niunber, with a note appended to it by Mr. Children. 

“ M. Vauquelin, . 
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“ M. Vauquelin, at the rccj^est of Mr. Pescbier of Geneva 
(who conceived that lie had found titanium in several micas in 
such quantity as to be an essential constituent of the minerajt}, 
repeated his experiments, first on two varieties of mica, and 
afterwards on many others, in all of which he detected the pre- 
sence of titanium, but in very minute quantity, and in different 
proportions ; the richest in titanium did not give more than one 
per cent, of that metal. 

“ Ilis mode of analysis was as follows:— He ignited the mica 
(divided into thin laminae, and cut very small with a pair of 
scissars), with two parts of caustic potash, for half an hour, and 
digested the mass in 100 parts of water. Muriatic acid was 
gradually added to the mixture .till it was slightly in excess ; 
the solution evaporated slowly to dryness; the residuum 
washed with cold water, and the silica separated by the filter. 

‘‘ If the silica was coloured, which often happened, he di-* 
gested it in cold muriatic acid diluted with 10 parts of water, 
till it became white ; it was then washed, and while still moist 
boiled in strong muriatic acid. The liquid was then evapo- 
rated to expel the greater part of the acid, diluted and filtered ; 
and the solution, containing only a slight excess of acid, treated 
with an infusion of galls. If titanium was present the solution 
first assumed a yellowish-red colour, and soon afterwards tan- 
nate of titanium separated in fiakes of the same colour. 

“The muriate of titanium is so easily decomposed by heat, 
that in general the greater part of the metal is found with the 
silica, which should always be carefully examined in all ana- 
lyses in which titanium may be expected to be discovered. If^ 
on the other hand, the eyaporation have not been carried far 
enough, a portion may remain in solution in the washings of 
the silica. To be certain,- precipitate the solution by ammo- 
nia, w^ash the precipitate, and digest it in caustic potash, which 
will dissolve tlie alumina and the oxide of titanium, and the 
latter may then be separated by saturating the alkali with mu- 
riatic acid, and precipitation by infusion of galls. 

“ Nearly two years since, 1 examined a dark brown mica, 
from Siberia, for titanium, without finding the least trace of 
that metal.” 


PNEUMATIC MECHANISM ENABLING THE WALRUS TO CARRY ON 
PROGRESSIVE MOTION AGAINST GRAVITY. 

Sir Everard Home’s papers containing his discoveries of 
the pneumatic niechanism enabling the ny and the gecko to 
carry on progressive motion against gravity are already wel^ • 
known to our readers. The following is his account of an 

analogous 
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analogous provision in the walrus^ given in a paper on sonie 
curious Yacts respecting that animal and the seal, published in 
the Phil. Trans, for 1824*, imrt ih 

The first discovery I shall mention,” says Sir Everard, 
is a peculiarity in the structure of the hind flipper or foot 
of the walrus, that has not been adverted to ; nor could it 
have been done now by any one not well acquainted with the 
mechanism of the foot of the fly, enabling it to support its 
weight, and carry on progressive motion against gravity. Such 
is the general resemblance between this flipper and the foot of 
the fly, that having upon a former occasion seen it in a very 
mutilated state, macerating in water, I discovered this analogy, 
and requested my friend Captain Sabine in the Artillery, at 
the time he sailed with Captain Clavering to make experi- 
ments on the figure of the eartlj, to bring me the feet and 
other parts of the walrus. With the assistance and exertions 
of Mr. Rowland, assistant-surgeorr to the ship, he has com- 
plied with my request, and enabled me to bring forward the 
following observations 6n this subject. 

‘‘ It is a curious circumstance that two animals, so different 
in size, should have feet so similar in their use. In the fly, the 
parts rerjuire being magnified one hundred times to render 
this structure distinctly visible; and in the walrus, the parts 
are so large as to require Ireing reduced four diameters to 
bring them within the size of a quarto page. As a knowledge 
of the structure of the fl/s foot led to the detection of the use 
of the hind flipper of the walrus, so, on the other hand, an 
examination of the toes of the walrus has enabled me to make 
out the use of a part of the loot of the fly which I did not sid- 
ficiently understand — I mean the two points : Mr. Adams 
called them pickers, from supposing that they entered certain 
small holes in the surface on which progressive motion was 
carried on. This opinion I did not deem w'orthy of conside- 
ration, but was unable to make out their real use : on com- 
paring them, however, with the outer toes of the walrus, they 
are evidently intended to surround the exhausted cavity, so 
that a vacuum may be more suddenly and perfectly formed. 

** As the skin of the animal is very thick and unyielding, and 
had been for so long a time in strong brine, the parts w ere much 
shrunk and corrugated ; but even in this state they showed 
that the palm of the flipper fonned a concavity, which had the 
appearance of a cup when the great and little toes were made 
to encircte the others. In this state of the parts this concavity 
was thwi^ into longitudinal rugae, "so that the real size could 
not be ascertained, tne span from the point of the great toe to 
the end of the little toe not exceeding twelve inches. After 

the 
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the thick skin thrown into rugse upon the palm was dissected 
off, the flipper lost all appearance of a foot, and took on that 
of the hand of a giant, so far as respected the bones and 
muscles, differing indeed in having a web covering all the 
other parts, and extending beyond the point of the thumb and 
Angers. The span, instead of being twelve inches, became 
twenty-eight. The resemblance of the bones of the hind flipper 
of a [walrus to those of the human hand, (which I believe is like 
nothing else in nature,) is curiously exact : the bones of the 
ivrist are the same in number and shape ; so are those of the 
metacarpus; so also the phalanges of the thumb and fingers. 
The tendons of the peiibrantes muscles pass through those of 
the perfbrati in the palm upon the metacarpal bones, while in 
the human hand this takes place upon the first phalanges of 
the fingers ; and there are no lumbricales muscles whatever. 
On the back of this gigantic hand I was astonished to find the 
tendon of the indicator muscle. 

“ The muscles and tendons that are peculiar to this flipper, 
not met with in the human hand, are* those of the web which 
extends beyond the fingers and thumb : this web is a strong 
ligamentous elastic substance intermixed with muscular fibres ; 
it has a set of muscles, which have their origin from the sides 
of die last phalanges of the fingers insensibly lost in it, and 
tendons go off from each side of the perforator muscles, which 
spread out and are lost in it. 

That this gigantic hand is employed as a cupping-glass to 
prevent the animal from falling back in its movements, whe- 
ther on the ice or in climbing the rocky cliffs, there can be 
no doubt ; for it is only necessary to take the human hand, and 
envelope it in an elastic web extending some way beyond the 
points of the fingers, to prove that it could perform such an 
office : but when we find the lumbricales muscles wanting, the 
only use of which is to clench the fist, it adds to the proof ; 
and when the indicator is met with, a mode of opening a valve 
to let the air in is pointed out. 

“ It may be doubted whedier the extent of the flippers is 
equal to the support of the enormous bulk of this animd ; but 
this doubt wiil be removed when I mention that Mr. Fisher 
informs me that a walrus killed at Spitzber^en weighed twenty 
hundred weight, and ^at an exhausted sjurface of twenty-eight 
inches, by iw^ty will support a pressure of 15lbs. on every 
square jneb, tvpre than oouble^tbe animal’s weight. . 

That the principle on wh|db,the foot of the fiv, the gecko, 
and the walrus ia mrmed, is the',$ame> ,l |^ust.W been es- 
tablished. In the fly there are two cups, in the walrus only 
one.” 

. Vol. 65. No. 322 \Larch 1825. G g 
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from Dec. to Dec. 1824. 28^ 

From the annual mean pressure at these places, I infe/ fKat 
Mr. Cary’s barometer is placed SO feet above the low-*water 
mark of the river Thames, and that Mr. Yeall’s is 200 feet 
above the low-water mark of the riyer Witham, mine beina 50 
fefet above Ae low-water mark of Portsmouth harbour. This 
inference is. made upon Ae supposition that the mercury in 
each of our barometers is of the same specific gravity, and 
similarly affected in its contractions and expansions by equal 
pressures of the atmospherical column. I suspect, however, 
that ^00 feet is a great deal higher Aan Mr. Veall’s barqme- 
ter-is placed above the. low-water mark of the river Witlmm; 
and that SO feet is lower than Mr. Carj^’s is placed above 
the low- water mark of the Thames ; especially as the tide rises 
19 feet in the latter river. 

I am and have long been of opinion that correct barometers 
will never be procured by our meteorologists in different paits 
of Ae country, till the cause is taken up by such scientific 
men as those who form the Meteorological Society, and the 
manufacturing of them confined to experienced artists under 
their superintendence: for some use barometers made by 
one artist, and others by other artists; and it is doubtful 
whether all Aose who register their observations confine them- 
selves to the portable upright barometers, which are the most 
simple in construction, and far more correct and equal in the 
scale of their movements by equal pressures, than the wheel- 
barometers can be, from the friction to which they are liable, 
and the unequal woportion of their pulleys to the cwcumference 
of the scales. I nave seen wheel-barometers of an elegant ap- 
pearance at Ac time of a very low pressure, (as that on the 
24th of December 1821,) below the range of Aeir scales of 
from 28 to 81 inches; the index of one was another 

^^ths, and of a Aird nearly x%ths of an inch below the bottom 
of the scales; while the jnercury in the upright barometers in 
the same neighbourhood and at the same height did not sink 
below 28*10 inches — the lowest I ever observed it in mine. I 
trust the members of the Meteorological Society will not deem 
my suggestion obtrusive, as they are well aware of Ae great 
discrepaneies iii the indications of barometers at difierent 
places and at the same height from the level of the sea^ and 
of the pei^lexity the^ occasion to observers in making Aeir 
comparisons even wiA mean annual pressurej^^ T& next 
circunistanoe Aat clatmf my Mtention in the foregoing table 
is the temperaAi^ ^ external axt. It appears that the 
mean Cary’fikAannomdter Ais year, at 8: o’clock 
is about Sf degr^ Aa mean of miiie ^t half*pp«t 

8 A.M. From a knowledge of the annual mean temperature 
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of the external air in the interior of London, the mean teni^ 
perature here lasj^ year, and the difference between the mean 
at 8 .an4 Halfrp^t 8 Q’qlock A.M„ the mean of Mr, Cary'a 
thermometer, as given in the table at 8 A.M,, appears to be 
about one degree too low : I should therefore like to know in 
what situatioii lie placed his external thermometer, or vi^hether 
he registered from the one attached to his barometer within- 
doors. ■ 

The annual avei*age temperature of Mr. Veall-s thermo- 
meter is about degrees lower than mine at half-past 8 A.M., 
which is as it should be, considering the greater north lati- 
tude of Boston, and the localities of that place and Gosport in 
respect to 'their contiguity to the sea, which has been found 
by long experience to modify the chilly air in winter, and keep 
down the excessive heat in summer. 

* The difference between the mean temperature of the ex- 
ternal air here this year, by a good ho]*izontal self-registering 
day and^ night thermometer, and the mean >at half-past 8 
o’clock ArM. by 9. Fahrenheit’s, is Mths of a degree ; the mean 
temperature of the external air at Boston for 1824? may there- 
fore be taken at 49*'f, that is less than the mean of this 
plac^. And for the last eight years of Mr. Veall’s registerings 
the mean temperature of the air at Boston may be taken at 
4*9°^, that is one degree below the mean temperature of Lon- 
don for a series of years. 

Lastly, it may lie seen by the table that the annual amount 
of rain caught at Gosport differs considerably from either that 
caught in London or at Boston. Gosport being on the south- 
west side of Portsmouth harbour, at tlie extremity of the 
southern coast of Hampshire, it therefore receives the full 
force , of the W, and S,W. winds from the Atlantic Ocean, 
which, on an average of ten years’ observations made here 
three times every 24? hours, prevail nearly four months out of 
the year, according to the following scale of the winds for that 
purpose. 


A Scale qf the Winds for 10 Yecirs^ ending with 1824‘. 



n!e. 

E. 

s.e| s. 

I^.W. 

w. 

N.W. 

Days. 

326i 

391 

370i 

SOSiSSSj 


'716i 

l^Oi 

36,33 


It furth^* i^pi^ears from this scale, that .by rejecting the 
wind§ from t Northland Smith points, which are almost 
eoual in duration to each other, the winds from the West side 
ot oni: meridian have prevailed 1906:f days,^. and only 1067i 

from 
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from the East side, which is as 2 to'l nearly: this difference 
is probably induced in some measure by a coniigiious and ex- 
tensive sea, over which the air is free and unobstructed Uh 
wards the land. 

Catises of the great Difference in the yearly Amount of Main 
cau^t at different Places in the British Isles. 

For a proof of the facts, I will select five places in which 
the annual mean depth of rain, for a series of years, has been 
determined by punctual observations, viz. 


Gosport. 

London. 

Boston. 

New Malton. 

Kendal. 

In. 


In. 

In. 

In. . 

34*50 


24 

40 

60 


1 observed before that we have the full force of the W. and 
S.W. winds here; and it may be relied on that before the 
rain that is brought up by the prevailing westerly winds ar- 
rives in London, it is not only diminished in quantity by pre^ 
cipitation, but the passing nimbiiOX rain-clouds, are altered in 
their electrical state, by inosculating with the warmer land air: 
this alteration, with the comparative d^ness of the land over 
the sea air, and the artificial heat of populous places over 
which the rain*clouds pass, tend to absorb and hold in solu- 
tion a great portion of the passing vapours that would be 
otherwise condensed and fall in rain in London or at Boston. 
Upon this principle of reasoning, a less quantity of rain falls 
at Boston than in London, which we see by the table is the 
case ; because the tract of land over which it is moved by the 
prevailing westerly winds is of greater extent from the shores 
of South Wales to Boston than it is from the southern shore 
of England to London ; consequently about one-fourth of the 
rain is spent in its passage oVer the land before it arrives at 
these places. 

With respect to the difference of rain in places of a higher 
North latitude: — Taking the annual depth at Kendal, in West- 
moreland, to be one-thurd more than it is at New Malton, in 
Yorkshire^ which is very near the truth; to account for this 
great difference in places too that are almost upon the sama 
parallel of latitude, it is necessary in the first place to ascer- 
tain the character of the prevailing winds'in both places, which 
I find by the meteorolo^cal tables tb be at least one'^Jbin'th of 
the year from the South-west point, from which quarter the 
British Isles receive, most of the rain, as it comes immediately 
across the Western Ocean; 

The mean yearly depth of raih at Kendal is 60 inches, and 

that 







ftSS Pidents. 

that at New Malton 40 incbea. By looking at die ma^ of 
the Ignited Kingdom} it will be seen that the Sbuth-west winds 
in their {lasaage to Kendal must go directly St. George’s 
Channel into the Irish Sea ; and in mis direction^ after arriving 
at die Lfind’s End, they collect additional vapourS} which 
readily yield to condensation between the English and Irish 
shores, and thus produce the additional depth of rain at Ken- 
dal, in comparison of that at New Malton and places situated 
more towards the Southern shores of Britain. Moreover, as 
Kendal is situated at the southern extremity of the mountain- 
ous district of Westmoreland and Cumberland, the passing 
vapours are attracted by the mountains, and the atti action is 
an ltdditional means of augmenting the annual depth of rain 
there. The prevailing South-west winds, in their passage to 
New Malton, first strike upon Harleigh, in North W^les, 
’"thence they proceed over Chester, Manchester, 8cc., a distance 
of between three and four degrees over the land, in which 
distance the bulk of rain is considerably diminished. By these 
means 1 account for the great difference in the yearly depth 
of rain at Kendal and New Malton ; and am of opinion that 
the same causes hold good in respect to the difference in other 
places in the country. 

LIST OF NEW PATENTS. 

To John Heothcoat, of Tiverton, laceomanufacturer, for an impiN^vecI me- 
thod of producing figures or ornaments on goods manufactured from silk, 
cotton, sc^Dated !35th Kebniary 18:35.-6 months to enrol specification. 

To David Edwards, of King-street, Bloomsbury, writing-desk manufac- 
turer, for an ink-«tand iu which by pressure the ink is caused to flow to 
aae.—!36th February,— 2 months. 

To Joseph Manton, of Hanover-sqiuure, gun-maker, for improvements in 
fire-arms— 26th February — 6 months. 

To William Hopkins Hill, of Woolwich, lieutenant of artillery, for im- 
provements in macninery for propelling vessels, — 26th Febrnan^ — months. 

To George Augustus' Kollmaun, of the Friary, Saint JamesS Place, Mid- 
dlesex, professor of music, for improvements in the mechanism and con- 
struction of piano-fortes.— 26th Febmarv.— 2 months. 

To James Bateman, of Upper-street, Islington, for a portable life-boat. 
26th February . — 2 months. 

To Cornelius Wbitehoufle* of Wednesbqry, whitesmith, for improve- 
ments in inanu&etuiing tubes for gas, &c.— 26th February.--*6 months. 

To Thomas Attwood, of Biroutighfun, ibr an improved method of 
making nibs or slots in copper or other metal cylinders used for printing 
cottoi^ dec.— 26th February .-N-tTinpnths. 

To David Gordon, of BasinghaU-street* aadWl[luua? Bowser, of Parsons- 
atlreet, WeUdase^uare, irpn-mamifiioturer, for iqiproir^ments in plating 
or coetinginMii with copper, 26t|i February.— o mo. 

^ ^'*To Chevalier losepii de Miettmber|[, pf Fptey-pface, Mary-le-bonc, 
ph}sician,l^awgetaimiffit*oiui4andspirkuouiprpp^^ culled 

Mellemberg's WAtvr, ^ also a particular method 
of employing the same by absprptipp as a specific and cosmetic.- 26th of 
February. — 6 month*-. 

To 
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XXXIX. On the Theory of the Figure of the Earth. By 
J. Ivory, Esq. M.A. F.R.S. 

** cas est jusnu’a present le seul pour leqiiel on ait 

trouvc line solution rigoreuse, cju’on doit a Maclaurin ; 
de sorte que le probleme de la figure de la terre, envisage phy- 
siquement, n’est rosoluexactement qu^en supposant le spheroide 
fluid et homogene.” — Lagrange^ Mec. Anal. tom. i. p. 204. 

These are the words of the correct and elegant Lagrange, 
after having demonstrated that a homogeneous elliptical sphe- 
roid fulfills the conditions of equilibrium when it revolves upon 
an axis and its particles attract one another in the inverse pro- 
portion, of the s(]iiare of the distance. They must not be un- 
derstood in the utmost extent of their meaning; for what is 
proved, falls short of a physical solution of the problem of the 
figure of the eaith, even on the supposition of a homogeneous 
fluid. Two things are necessary to a complete theory:— in the 
first place, we must know tlie laws of the equilibrium of a ho- 
mogeneous mass of fluid, the particles of which attract one 
another and are subjected to a centrifugal force; in the se- 
cond place, we must investigate all the figures that possess 
the properties which these laws require. Maclaurin merely 
proved that a homogeneous fluid, which has the figure of an 
oblate spheroid, will be in eqnilibrio when its particles ai‘e 
acted upon by tlie supposed forces. 

After mucli discussion and many attempt^ the conditions of 
the equilibrium of a fluid mass, such as we find them in all 
the books at the present day, were given by Clairaut in his 
work on the figure of the earth. 

Clairaut publia en 1 743 son ouvrage sur la Th4orie de la 
Figure de la Terre. II y donne les equations gen^rales jtisqu’ 
alors inconnu4s, de I’^quilibre des fluides soit homogenes, soit 
heterogenes, ou composes d’un noinbre quelconque de fluides, 
quelles que soi^qt les forces qui animent chacune de leurs 
molecules, et en supposant entre ces molecules une attraction 
inutuelle suivant une loi quelconque.”— Mw. Celeste^ liv. ll®% 
p. 6. 1823. 

Vol. 65. No. 324. April 1825. H h The 
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The result of Clairaut’s researches are thus concisely stated 
in another passage of the same author : 

Les conditions de Tcquilibre d*une masse fluide sont done : 
que la direction de la pesanteiir soit perpendiculaire a 
chaque point de la surface exterieure ; 2^ que dans rinte^ieur 
de la masse, les directions de la pesantcur de chaque mole- 
cule, soient perpendiculaire a la surface des couches de den- 
sity constante. Comnie cm peut dans I’interieur d’une masse 
homogene, prendre telles couches que I’on veut, pour couches 
de density constante ; — la seconde des deux conditions pr^ce- 
dentes de Fequilibre est toujours satisfaite, et il sufRt pour 
r^quilibre que la premiere soit remplie ; e’est-^dire que la 
resultante cie toutes les forces qui animent chaque molecule 
de la suriace exterieure, soit perpendiculaire a cette surface.’^ 
•^Mec. C^leste^ tom. liv. 3®% p. 6*4. 

Confining our attention to the case of a homogeneous fluid, 
the conditions of equilibrium are extremely simple. The outer 
surface must be clefined by an equation between three inde- 
pendent co-ordinates ; and the resultant of all the forces act- 
ing at every point of the same surface must be perpendicular 
to it. Being in possession of a theory so little complicated, 
we should expect to be able to deduce from it the beautiful 
discovery of Maclaurin ; and to prove, a priori^ that the ellip- 
tical spheroid is one figure of equilibrium, although, perhaps, 
not the only one. No geometer has succeeded in this investi-' 

S ation. It may be said with truth, that the received theory of 
le equilibrium of fluids is of little use in the question of the 
figure of the planets; for the small change induced upon a 
fluid sphere by the action of a centrifugal force is a mathe- 
matical consequence of the perpendicularity of gravity to the 
outer surface. 

In a paper inserted in the Philosophical Transactions for 
1824, I have shown that there is an inadvertency in the theory 
of equilibrium as it is delivered by Clairaut, which is the true 
cause of all the difficulty and embarrassment that has oc- 
curred in the determination of the figure of the planets. The 
conditions of equilibrium are rightly assigned when there is 
no mutual attraction between the particles ; or, to speak more 
precisely, when all the forces that act upon a particle are in- 
dependent of the matter without the level surface in which the 
particle is placed. When the particles are endowed with at- 
tractive powers, Clairautfs theory is insufficient; and it be- 
comes pecessary to add a new condition in order to ensure 
the equilibrium. In the case of a homogeneous fluid com- 

C l of particles that mutually attract one another, the eqni- 
iin .re(|wires, 1st, That the resultant of all the forces act- 
ing. 
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ing apon a particle in the outer surface be perpendicular to 
tlmt surface ; 2dly, That any interior body of the fluid bounded 
by a level surface be m equilibi'io with respect to the attrac- 
tion of all the eiLterior matter. The latter condition cannot 
be fulfilled unless every level stratum possess such a figure 
as to attract all particles in the inside with equal force in op- 
posite directions. 

In the paper alluded to^ the subject is examined at great 
length. The inadvertence is pointed out both in the original 
investigation of Clairaut, and in the usual theory of fluids, 
founded on the principle of equal pressure in all directions. 
It is proved that both these methods lead to the conditions of 
equilibrium above mentioned, when no part of the forces in 
action is left out. The case of a homogeneous fluid revolving 
upon an axis, and composed of particles which attract one an- 
other inversely as the square of the distance, is next consi- 
dered; and the conditions of equilibrium are investigated by 
means of particular considerations without the aid of any ge- 
neral theory. — Thinking that it may gratify some of the readers 
of the Philosophical Magazine, to whom the progress of the 
philosophy of Newton is not altogether indiflerent, I have 
subjoined the last-mentioned investigation, which does not re- 
quire algebraical calculations. It is contained in the two fol- 
lowing propositions. 

Prop. I. — If a homogeneous fluid body revolving upon an 
axis be in equilibria by the attraction of its particles in the in- 
verse proportion of the square of the distance ; any other mass 
of the same fluid having a similar figure, and revolving upon 
an axis similarly placed, w ill likewise be in equilihrio^ supposing 
that its particles attract one another by the same law. 

Suppose that the two bodies are similarly divided into the 
same indefinitely great number of molecules, of which dmBikd 
dm' are any two situated alike, and therefore having their 
volumes and quantities of matter proportional to the volumes 
and quantities of matter of the two whole bodies. Take also 
any two points similarly situated, either within both bodies 
or in their outer surfaces; and let f&xiAf' denote the respec- 
tive distances of the two points from the molecules dm and 
d m'y and r and /•' their distances from the two axes of revo- 
lution. 

The forces with which the molecules din and dm^ attract 
two equal particles of matter placed in the assumed points 

are porportional to and ; apd, in these fractions, the 

numerators being proportional to the cubes, and the denomi-, 
nators to the squares of any two homologous lines of the re- 

H h 2 spective 
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spective bodies^ the attractive forces will be simply propor- 
tional t(\ any two such lines. Tlie lines f f\ in' the di- 
rections of which the ibrces act, are likewise similarly situated 
within the two bodies. And as what has just been proved is 
true of the attractions of any two molecules similarly situated 
in the two bodies, it follows that the resultants of all the at- 
tractive forces acting upon the two points will be to one an- 
other in the proportion of any homologous lines of tlie re- 
spective bodies, and that they will act in similar directions. 
Again : since the velocity of rotation is the same in both bodies, 
the centrifugal forces urging the particles placed in the two 
assumed points, will be proportional to the respective distances 
from the axes of revolution ; that is, to r and y, or to any ho- 
mologous lines of the respective bodies; and, as the same 
forces act in the prolongations of r and r', they will have si- 
milar directions. Wherefore, since any two particles similarly 
placed on the surfaces, or within the respective bodies, are 
urged in like directions and with proportional intensities by 
the attractive and centrifugal forces that act upon them, it is 
easy to prove that the pressures propagated by these forces in 
the two bodies will be entirely similar, and will always have the 
same proportion to one another. Wherefore the equilibrium 
of one body is a necessary consequence of the equilibrium of 
the other body. 

Prop. II. — If a homo^neous mass of fluid revolve about its- 
axis, and be in equilibrio by the attraction of its particles in 
the inverse proportion of the square of the distance, all the level 
surfaces will similar to the outer one ; and any stratum of 
the fluid contained between two level surfaces will attract par- 
ticles in the inside with equal force in opposite directions. 

Suppose that the homogeneous fluid body H S T, revolv- 
ing about the axis A B, is 
in equilibrio by the cen- 
trifugal force and the at- 
traction of its particles in 
the inverse proportion of 
the square of the distance: 

— the axis of rotation A B 
, will pass through O, the 
centre ^gravity of the fluid 
mass. ' interior of the 

rfgvolving body, trace roiuid 
the point G the surfaces 
QOP, NLM, KHI, 

similar and similarly si- 
tuated to the outer surface, indefinitely near one another, and 

intercepting 
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intercepting very thin strata of the fluid between them. Then 
the whole fluid body R S T, and the part of it bounded by 
tlie surface O P Q, are similar to one another in their figure; 
and they revolve alx>ut the common axis A B, which cuts them 
both similarly ; wherefore, because the first body is in equili^ 
brio^ the latter will also be in eqtdlihrio^ supposing that it re- 
volves bv itself, the exterior stratum being taken away or an- 
nihilated*. And, because the body OPQ is in equilihrio 
when it revolves by itself^ the gravitation at its surface, or 
the resultant of the attraction of its particles and the centrifu- 
gal force, will at every point be perpendicular to that sui*face. 
Wherefore every particle of the fluid contained in the stratum 
between the surfaces R S T and OPQ will be urged, by the 
gravitation at the latter surface, peiTpendicularly towards it. 
But the matter of the same stratum, besides pressing upon the 
surface OPQ, likewise attracts all the particles included within 
that surface. And the pressure and the attraction we have 
mentioned, are all the forces which the stratum exerts upon 
the fluid body OPQ. Now the body O P Q is in equilibria 
in two different states ; namely, when it is a part of the whole 
body R S T ; and when it revolves by itself, the exterior mat- 
ter being taken away : it must therefore be m equilibrio with 
respect to the difference of the forces which act upon it in the 
two states of equilibrium ; that is, it must be in equilibrio by 
the pressure and attraction of the exterior stratum. And be- 
cause the gravitation is perpendicular to the outer sui*face 
R S T, and likewise- to the interior surface OPQ, indefinitely 
near the outer one, this latter must be a level surface, and the 
pressure of the exterior stratum upon any given space assumed 
in it must be every where the samef. Wherefore the body 
OPQ will be in equilibrio by the pressure of the exterior 
stratum acting separately ; and consequently it must likewise 
be in equilibrio by the attraction which the same stratum ex- 
erts upon it. The stratum between the surfaces R S T and 

• Prop. I. 

f Let the equation of the outer surface be 

^ =s C: 

then the equation of another surface indefinitely near it, which is perpen^ 
dicular to all the lines to which the first is perpendicular, will be 

(p«c-ac, 

\ C being a small variation of C. Let k denote the small distance of the 
two surmces at any point, and yi the gravitation at either extremity of k ; 
then it is easy to prove that 

ArXp*8C. 

Now k 'Xp, Of the product of the gravitation multipilied by the quantity 
of matter, is the pressure; and the equation shows that the pressure upon 
a given space is tne same over all the surface. 

OPQ 
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O P Q. must therefore be possessed of such a figure as to at- 
tract al\ particles in tlie inside with equal force in opposite 
directions, because otherwise the fluid contained within it 
could not be an equilibrio with respect to the attraction of the 
stratum. 

Since the taking away of the uppermost stratum will leave 
the remaining fluid bounded by the surface O P Q in equili^ 
briOy it is evident that we may apply to the stratum imme- 
diately below that surface the same reasoning that has been 
applied to the stratum below the surface R S T. Wherefore 
the surface N L M will be a level surface, and the stratum 
between the surfaces O P Q and N L M will attract all parti- 
cles in the inside with equal force in opposite directions. The 
same concluiSion is equally true of all the successive strata. 
And because what has been proved of the several strata, taken 
separately, is manifestly true of the aggregate of any number 
of them, we are to conclude, that all the level surfaces of a 
homogeneous fluid in equilibrio by the supposed forces are 
similar to the outer surface, and that any stratum contained 
between two level surfaces attracts particles in the inside with 
equal force in opposite directions. 

These two propositions determine all the conditions neces- 
sary to the equilibrium of a homogeneous fluid, the particles 
of which are subjected to a centrimgal force, and to a mutual 
attraction following the law observetl in nature. They do not' 
indeed apply immediately to a body composed of fluids vary- 
ii^ in their densities ; but, as the defect of the received theory 
ofnuids is clearly pointed out, it becomes easy to deduce from 
the same principles a satisfactory solution of every case.- 

A problem in Natural Philosophy is not brought within the 
domain of the Mathematics, until all the physical conditions 
be previously investigated. It then becomes the province of 
the geometer to trace the necessary consequences of these 
conditions, and to deduce from them the required solution. 
When this natural order of research is not followed, the re- 
sult is always attended with something impeifect, something 
not entirely satisfactory to the mind. The conditions of equi- 
librium being now fully known, we are able to discover why 
Maclauria succeeded in proving that a homogeneous elliptical 
spheroid is in equilibrio by the attraction of its particles and 
a centrifugal force. The ngure supposed, contains one of the 
canditions of ^uilibrium, and is the only figure compatible 
with that condition* Newton proved that a shell of matter, 
conmrised b^ween two similar, and similarly situated elliptical 
surfa^, or between two concentric spherical surfaces, will at- 
tract all particles in the inside with equal force in opposite di- 
rections : 
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rections : and this is precisely the new condition which, as we 
have proved, is necessary to the equilibrium of a homogeneous 
fluid. It may be observed that, of the two conditions of equi-» 
librium, the one which relates to the attraction of the level 
strata upon particles within diem, which is omitted in the re- 
ceived theory of fluids, alone determines the figure of the 
homogeneous body : and when this is fulfilled, as it is in the 
figure supposed by Maclaurin, it only remains to compute the 
attraction, and to adjust the centrifugal force so that the re- 
sultant of both shall be perpendicular to the surface. What 
is said of the researches of Maclaurin is equally true of the 
discoveries of Clairaut, as far as they relate to the figure of the 
planets. In the first part of his work on the figure of the 
earth, that excellent geometer has proved that the equilibrium 
of a mass of fluid cannot be safely deduced from the perpen- 
dicularity of gravity to the surtace, which is the principle of 
Huyghens; nor from the balancing of the central columns, 
which is that of Newton ; nor from the hypothesis of Bouguer, 
whicli requires the concurrence of both the principles just 
mentionea : and although, in place of these imperfect theories, 
he has substituted one drawn from more unexceptionable prin- 
ciples, which is liable to no objection except when there is a 
mutual attraction between the particles; yet, as the figure of 
the planets depend upon the very case in which the theory is 
ilefective, the main difficulties of the question were left un- 
touched. In the second part of the work, which contains the 
author^s discoveries relating to the figure of the earth, his in- 
vestigations are not deduced d priori from his theory of fluids, 
but from the su})positioii of a figure either exactly, or very 
nearly, an elliptical spheroid. 

If a homogeneous fluid composed of particles endowed with 
attractive powers be at rest, it will be in equiltbrio When it has 
the figure of a sphere. Conceive that the spherical mass be- 
gins to revolve upon an axis with a velocity which impresses 
upon the particles a centrifugal force very small in propor- 
tion to the attractive energy; the globe will now flatten in 
some degree at the poles, and become protuberant at the 
equator. " What is the exact form in which the fluid will dius 
dispose itself? Newton assumed, but without assigning any 
reasen, that it is an elliptical spheroid of revolution. The dis- 
covery of Maclaurin verified the supposition of Newton ; and 
as we are now in possession of all the conditions of the equi- 
librium of a homogeneous fluid, it is easy to prove that the 
revolving mass cannot be in equilibrio unless it have the figure 
which Newton supposed. 

Let us now consider the matter a little diflerently, and with 

reference 



Mr. Ivory on the Theory of the Figure of the Fxirth, 

reference to what is peculiar to the initial figure of the fluid* 
The spjiere at rest possesses all the properties of a homo- 

S eneous mass in equilibrio$ that is, the gravitation is perpen- 
icnlar to the surface, and* every partick is equally attracted 
in opposite directions by a hollow shell comprised between 
any two concentric surfaces* When a change is induced upon 
the sphere by a centrifugal' fbrce, the laws of equilibrium can 
be exactly fulfilled only when the new figure is an elliptical 
spheroid* But when the derangement of uie spherical surface 
is veiy minute, it is obvious that both the conaitions of equili- 
brium may be considered as fulfilled, if we preserve the per- 
pendicularity of gravity to the surface. For the attractive pro- 
perty of the level strata being exact at first, the small varia- 
tion of their figure induced by the centrifugal force, can- 
not be supposea to effect suddenly any perceptible deviation 
from the figure of equilibrium. Legendre first proved that a 
homogeneous fluid nearly spherical, revolving about an axis, 
and having the gravitation perpendicular to the surface, must 
be very nearly an elliptical spheroid. In the particular cir- 
cumstances supposed, the true figure is thus found, not by a 
rigorous methoo, but approximately, although one of the con- 
ditions of equilibrium is left out* This is indeed true appa- 
rently ; but ill reality, as we have shown, both the conditions 
of equilibrium are very nearly fulfilled, and the more nearly 
die less is tlie deviation from the spherical figure. We may 
also object to the process of Legendre, that it substitutes a 
mathematical property which is true only in particular circum- 
stances, and to d limited extent, in place of the physical prin- 
ciples that are universally true in all cases whatever. 

The transition of the fluid sphere to an oblate figure nearly 
an elliptical spheroid, by the effect of a small centrifugal fbrce, 
is not confined to the hypothesis of a mutual attraction of the 
particles in the inverse proportion of the square of the distance. 
It is likewise true if we suppose that every particle is attracteil 
to the common centre by a force which is either the same at 
all distances from the centre, or varies as any power of the 
distance. In one particular law, namely, when the central 
force varies directly as the distance, the oblate figures are ex- 
actly elliptical spheroids, as Herman first proved in his Pho^ 
ronomia^ 

The discoveries of Legendre on the attraction of sfflieroids, 
were greatly extended by Laplace* In the third book of the 
Mteanique Celeste^ this subject is treated with the utmost ge- 
ner^Jity) und with all the resources and all the el^ance which 
the improved state of analysis is able to furnish* But it must 
be observed that, in applying this mathematical theory to the 

figure 
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figure of the planets, the principles of equilibrium laid down 
by Clairaut are supposed to be sufficient; and the same ob- 
jections we have already noticed in the investigation of 
^ndre are equally applicable to the researches of Laplace. 
The speculations of this great geometer mark the limit of our 
attoinments in one branch of the philosophy of Newton : on 
this account they are deserving of a more ample discussion 
than we can at present bestow upon tliem, and they will pro- 
bably engage our further attention at some future tune. 

April 3, 18^5. JaMES IvORV. 


XL. Correction of an Inadven'tence in a Geodetical Problem 
inserted in the Philosophical Magazine for July last. By 
J. Ivory, Esq. M.A. F.R.S. 


To the Editor of the Philosophical Magazine and Journal. 

Sir, 

TN the geodetical problem inserted in the Philosophical Ma- 
gazine for July last, 1 find there is an inadvertency with 
regard to the designations of the angles 4^ and A, which are 
not the true latitudes^ but angles having a very simple rela- 
tion to the latitudes. But this circumstance affects neither the 
reasoning nor the accuracy of the formulae, which are stiictly 
true when the proper values of the angles ^ and A are under- 
stood. 

Conceive a semiineridian upon a diameter of the equator, 
and likewise a semicircle upon the same diameter; and fron^ 
a point in the diameter produced draw tangents to both curves: 
then, the angle A is the inclination of the tangent of the circle 
to the polar axis; and the true latitude^ for which 1 shall put 
^ is tlie inclination of the tangent of the ellipse to the same 
axis. The angle A is by some authors termed the reduced or 
corrected latitude ; and my solution is true and correct if the 
reader will be pleased to observe that 4^ and A stand for the 
reduced latitudes, and not the true latitudes. 

The property of the ellipse furnishes this equation, 

tani 

tan A s= : 


whence we get 


sin A ss 
cos A =: 


imp/ 

cos I 

cos«l 


and, very nearly, A ;= / -i- sin 2 
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These values make it easy to substitute I for x if it be 
thought proper so to do. In my formulm for deriving from 
Sf and ^ from it is evident that X and I are to be reckoned 

equivalent. 

If we allow that cos*(/ + 8/) is e(]uivalent to 

i/ 1 + cos^ /, we shall get bv substituting the proper values 
in the expressions of sin ^ and sin . 

sin (/+ S / ) =; sin I cos*^ + cos I cos ft sin s' \/ I + e* 


, / cas I sin a 

sm ft a= — rrrrr • 
In like manner, we obtain 


sm/i*sins' _ v'T+^losTTflJ) 

Sin 6 =5: — x — — — - ; 

cos;^/+3/) A/l-fc« 

or, very nearly, 

. I sin B sin e* . . , . , , 

- "a s»n /* s'n s tan {I + il) sin (/ + 8/). 

The advantage of my solution consists in its giving tlie ex- 
act relations between all the quantities concerned, without 
much calculation, and by means of expressions as simply as 
the nature of the case will admit. Hence, in applying it to 
^ practice, it- is easy to push the fq)proximations to any required 
degi'ee of exactness. 

I remain, sir, yours, &c. 

j\pril 5, 1825. James Ivoky* 


N. B. I observe that in the second formula, reckoning from 
the top of p. 37, cos ^ is printed for cos * 


XLL Observatiofis on Locomotive Actim^ voith refet'cnce to its 
Differences in SkaitUig and Walking. By A Correspon- 
dent. 


T J PON what principle is It that the space gone over in skait- 
^ ing is so much greater than that gone over in the same 
time and with the same exertion in walking? The answer to 
this question would fhmish curious hints as to an advantageous 
application of force on rail-ways, &c. 

Al first sight it might seem easy to answer, that the propel- 
ling impetus communicated by the muscles of the leg behind 
dpes not in walking, carry the bdcfy beyond the spot where 
t^e b^er leg is set down, but is checked and momentarily 
s^ped there by friction ; whereas in skaiting, this impetus not 
0My earries up the centre of gt’avity to that spot, but, owing 
lb the ^oothness and slippenhess of the skait-irons and, ice, 
enfibles the body to glide forwards over a considerable space 

besides : 
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Jbesides : each impetus thus causing a deal more ground Xo be 
passed over than in walking, wliere the progressive motion is 
at each step checked, and determined to the sjiot where the 
foot is set down* But such a solution is not consistent with a 
just idea of the nature of the action of walking* The velocity 
of progression of a man walking uniformly is not materially 
checked by any friction between nis foot and the ground ; nor 
is it momentarily stopped, as it were, and renewed at each step. 
It. continues uniform, like the velocity of a boat uniformly 
rowed ; e. is never much under or over a certain mean point 
About the time of setting down the foot it is perhaps a trifle 
less than the mean rate ; and just after the exertion of the mus* 
cles of the hinder leg it is a trifle more : so that, for example, 
if a man walk at the rate of four miles an hour, his velocity is 
sometimes a little more and sometimes a little less than that ; 
and so keeps passing at every step from the somewhat more to 
the somewhat less, without ever being suddenly checked or 
stopped, or ever differing much from that mean velocity of 
four miles an hour, even lor the smallest instant of time. 

The fatigue in walking does not arise from the quantity of 
force necessary to propel the body (in quantity I include fre- 
auency of application), but from other causes connected with 
the machinery of animal bodies, which I will endeavour to 
explain ; first observing that the truth of this assertion will 
be perceived indirectly, by considering that in walking down-* 
hill it is so far from being necessary to use force to propell the 
body, that, if the declivity be considerable, it is on the contrary 
necessary to check the tendency to accelerated velocity : so 
that if the necessary propelling force was the principal cause 
of fatigue on level ground, we ought, comparatively speaking, 
mile mr mile, to be little exhausted in descending gentle plea- 
sant declivities, where the ground is good and the footing 
firm ; as, for example, on the mossy, short, elastic, yielding 
grass on the sides of some mountains* The additional shock 
in walking down-hill occasioned by the descent of the foot, is, 
according to my experience, very trifling on such ground as 
I have mentioned* But if anv one should maintein that, owing 
to this or other cause, walking down declivities cannot be 
compared with walking on level ground, let him imagine a 
man standing on leyel ground, and constantly (or by inter- 
vals, as he meases) pressed forward by a proper force, pro- 
perly applied against nis back, — such an one as gently to force 
him to ga^er up his legs and walk, without using any pro- 
pelling force of his own : Would this enable him to go so niuch 
further in a day, as to authorise us to conclude that the prin* 

I i 2 cipal 
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cipal eaiise of fatigue in walking is the exertion of the tjieces- 
sdity propelling force? 1 presume, not* 

In otder to explain the madbinery of walking, 
let us imagine a body moving on a wheel of 
spokes (by which I mean one whose spokes are 
unconnected with each other, except at the 
centlre of the wheel) ; and let us in the first in-^ 
etaifce suppose this body standing at rest on 
two of its spokes, and then to be propelled forward by some 
external force. It is evident that while the forward spoke is 
becoming more and more erect, the (centre of gravity of the) 
body must rise; and that it must afterwards fall through the 
same degrees, till the succeeding or third spoke comes into 
contact with the ground : also, that if the ends or feet, as they 
may be called, of the spokes be properly shaped, the friction 
will be but a part of that in the case of a common wheel : also, 
that the force required to propel this body depends, ceeteiis 
paribusj on the infrequency of the spokes ; because that de- 
termines the height to which the body will have to rise and 
fiiil, as well as the angle which the direction of its rising and 
ftlling will make with a horizontal line. This force is similar 
to that part of the force used in walking that is necessary 
simply to propell the body. Let us now further assimilate the 
action of our machine to that of walking, by supposing it pro- 
pelled, not by an extraneous force, but by the elongation of 
the spokes, occasioned by the uncoiling of a spring or other- 
wise, and subsequent contraction to their original length. — 
Here we have a very near approximation to wmking. Let ns 
introduce one change more Let there, be but two spokes ; 
and let an internal machinery bring round the backward spoke 
after its elongation and subsequent contraction, and place it for- 
ward, so as to be ready to meet the ground ^ the next spoke. 
Tltis third machine of ours will perfectly represent the action 
of walking, so far as concerns our present purpose. Now it 
is evident, as was observed before, tnat the first machine pro- 
ceeds i^ith less friction than a common wheel; L e. if the ground 
be smooth^ with Vety little, and that there is no sudden check 
or stop in progressive movement. But Whatever is true of 
the firsts wifri respect to fHction, &c* between the ground and 
fbot of the ^ipdte, is trtfe of the secmid and third farms of the 
mai^ine; therefore, &c. Transferring this to walking, we 
may see that neither is it tnte thete^ that the ^erlion required 
depends much oh friction, or koppage occasioned by setting 
dbwn the foot InfaCt^thisdacisriion Is composed of two parts; 
one of which is that tieceSsaiy rimply to pri^ell the body, anil 

which 
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which is the same as die force required in the above machines: 
~the other is the exertion necessary for gathering up and ex- 
tending the limbS) and rolling them on the sockets of the joints^ 
without progressive motion of the body; and is very much 
like that required for mimicking walking without stirring 
from the place; and still nearer, if not exact^, like that re- 
quired when a person is pushed forward and made to walk. 
And it fatigues from the same causes that throwing about the 
arms fatigues ; — the alternate contraction and relaxation of the 
muscles, even without effort, as it may be called, (/. e. without 
moving any weight except that of the limbs themselves,) ex- 
hausts their ready power ; changes the set o( the fibres ; oc- 
casions wear and tear ; and by various pressures accelerates 
the motion of the bloo<l, &c. It is this division of the force 
1 am now speaking of that causes all exertion of animals, 
whetlier man or other, in walking, trotting, &c. to be attended 
with so great a waste of strength. The power of a man to 
propell himself on a tolerable road would, with proper ma- 
chinery, be greatly superior to what he has in walking. 

In short, the locomotive powersof animals are at present very 
disadvantageously exerted, particularly in <|uick movements. 
But in all the machinery I have heard of, the inventors, by per- 
tinaciously clinging to certain erroneous though natural ideas, 
do nothing but transfer the unnecessary exertion from one 
part of the body to another; or else they place tlie animal in 
such a position (as in the velocipedes, for instance, where they 
cling to the idea of the seat on a horse) as to work the muscles 
in the most inconvenient manner possible. 

In skaiting, instead of having our progress determined by 
rolling round on our animal wheels, we, besides this rolling 
round, slide along tlie ground, with the limbs relatively at 
rest, and thereby to a given sMce have fewer movements’ of 
the wheels though probably tne propelling force exerted is 
nearly the same in both cases. J^ides this, in most modes 
of skaiting the disturbances giv^n to the relative situation of 
the limbs are not only much less frecment, mile for mile, than in 
walking, but are reduced within mucn smaller limits. There m*e, 
indeed, modes of skaiting in which these dbturbances are re- 
duced fldmost to nothin^where the legs have no dtematc 
motion of passing each amer ; but these modes are not the most 
favourable, perhaps, to progress. If our third machine^ in- 
stead of an impetus for each spoke, had one at every other, or 
every tbir^. or. every fourth, &c. sufficient to ca^ it r^nd 
over the intermediate spokes, the indefinite extension ^Ven to 
the space gone over at each effort would be somewhat ahalo-^ 
gous to that in skaiting; and the same may be said if, in walk- 
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tug, a man was pushed on so as to be forced to go two, three, 
four, or mbre. steps involuntarily, as it may be called, at each 
push; or if he forced himself so to move by not exerting his 
propelling powers, except at every second, third, fourtli, &c. 
time of taking up his leg from the ground. 

^ The advantage of skaiting, then, is in avoiding much of 
that exertion which is necessary for moving the, linms among 
themselves, and which has nothing to do with the propelling 
force. 

The practical corollaries I have to draw from these obser** 
vations are very curious. I have for many years been anxious 
to realize them, but circumstances have forbidden me — they 
are still but theories. I think I could show a mechanician 
not only that the present mode of using animal power for 
locomotion is very uneconomical, but that there is a better 
mode feasible, and that that mode would be equally applica-^ 
ble to machines where steam, &c. is the moving power. 

Z. A. 

XLII. On the Mode of obtaining Silicium^ and on the Chai^ac- 
ter$ and Properties that Substance, By M, Berzelius*. 

Decomposition ofFluate of Silica by Potassium. 

T^HEN we read the description of the experiments made 
by MM. Gay-Lussac and Theiiard on the silicated 
fluoric acid and potassium, we cannot doubt that they decom- 
posed the acid in the circumstances which they describe. 
The potassium burns in the gas and condenses it ; a brown 
matter is formed, which, boiled in water and dried, burns Jn 
oxygen gas with the evolution of silicated fluoric gas, and 
leaves as a residuum a white earthy matter. In applying my- 
self to these researclies, I looked upon the reduction of the 
fluoric acid and of the silica as so certain, that I thought it 
only necessary to examine the composition of the product ob- 
tained, in order to exhibit the subject in a clear light The 
experiment of ‘MM. Gay-Lussac and Thenard gave me the 
same results as they obtained, with this difference; Uiat the mass 
when burnt iif oxygen gas was not white, and that it had pre- 
served its primitive colour without any remarkable change. 

1 expected to find some fiuate of silica and potash, but me 
conc^trated sulphuric acid did not disen^ge any trace of 
fiuate of silica; and although carried to ebullition, it did not 
pro^ce atiy diange in the substance. Nor wi^ die substance 
attadced by any acid but the fluoric, which separated the si- 
# From the Amates de C/iume et de Pbysiqve, tom. xxvii. p. 337. 
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lica) and leff a deep brown matter, insoluble in acids, and 
which did not burn on exposure to the action of fire. Was 
this the radical of the fluoric acid, or that of silica, or a com- 
bination of both ? 

To procure this substance in greater quantity I proceeded 
in the ibllowin^ manner : 1 introduced into a glass retort of 
the capacity pi about ten cubic inches a small vessel of porce- 
lain on which was a piece of potassium of the size of a large 
nut. After having rapidly exhausted tlie retort I let in some 
silicated fluoric gas, from a reservoir over mercury, and 1 ap- 
plied the heat of a spirit-lamp. The potassium at first became 
white, but afterwards it became browner and browner, and at 
last as black as a coal: it was not long in becoming inflained,and 
it burnt with a large flame of a deep-red colour, not however 
intensely; whilst the mercury rose rapidly in llie reservoir, on 
account of the absoqition of tlie silicated fluoric gas. As soon 
as the combustion ended, a vacuum was made in the apparatus, 
in order to prevent the formation of the fluate of silica and 
potash, and it was then left to cool. The product was a hard, 
porous, agglutinated, and deep-brown mass, which did not 
change in me air, but which, like manganese, emitted the smell 
of hyarogen when it was pressed between the fingers or when 
breathed upon. In the retort, around the porcelain vessel, a 
light powder of a yellow-brown was remarked, which was 
preserved. The burnt mass when thrown into water imme- 
diately produced a copious evolution of hydrogen gas. The 
w'ater dissolved much fluate of potash, and the brown mass 
was precipitated in the form of a chestnut-brown powder, slowly 
evolving gas. The alkaline solution was decanted and re- 
placed oy pure water. The evolution of gas visibly dimi- 
nished ; and the water having again been renewed after some 
time, it entirely ceased; so that the brown powder did not de- 
compose the water, even at the temperature of ebullition. The 
solution obtained by boiling it being very acid, it was boiled 
with fresh portions of water, until no signs of acidity were 
manifested, and the solution afterwards passed through the fil- 
tre. The water was saturated with fluate of silica and potash, 
and the brown powder was washed as long as the water left 
the slightest residuum by evaporation. 1 ne powder, being 
dried, was of a chestnut-brown, and evidently contained hetero- 
geneous parts of a brighter colour. The brown matter which 
was deposited on the glass during the combustion of the po- 
tassium was much more homogeneous. Water did not dis- 
engage hydrogen by Its action, but quickly became acid. This 
pow&r was washed with the' same care as the preceding. 

Now, for the purpose of determining the change undergone 

. • ' 
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by the brown matter during combustion, it was first perfectly 
dried and heated to a dull red in a current of hydn^n gas, 
and, after being weighed, exposed in a proper i^aratus to 
a current of oxygen gas. As soon as the fur of the vessel 
seemed to be disp^ed by oxygen tlie brown matter was 
heated with a spirit-lamp: it immemately took fire, and burnt 
vividly for some time, having a pale blue flame on its surface. 
The remidning oxygen being passed into barytic water, ren- 
dered it very turbid, and gave a precipitate which entirely dis- 
solved with efiervescence in muriatic acid, and which, conse- 



Its weight was augmented scarcely half a hundredth part. 
There was not percmved either in toe glass balloon where^the 
combustion toox place, or in the glass conducting lube, the 
least indication of ^ presence of fluoric acid ; and this showed 
phunly that this acid was not produced by the combustion of 
the brovm matter ; and that the presence of it in the experi- 
ments of MM. Gay-Lussac and Thenard, as also in the first 
which I made, arose from the circumstance that the brown 
matter contiuned fluate of silica and potash, which was de- 
composed by the heal of the combustion, and gave ontsilicated 
fluoric acid. This result likewise deprives us of the hope of 
learning by these means the compositimi of fluoric acid ; but 
it is not less interesting, since it seems to show that the pul- 
verulent brown matter is really siUcium. Its combustion in 
oxygen, with the prodnction of carbonic acid, without much 
increase of weight, was now not so difficult to understand, 
since it is a pn^erty of the oxides which contiun three atoms 
of oxygen, that their quadri-carburet bums without increase 
of wfoght. But whmce comes this carbon ? bow is it com- 
bined with the siUcium ? I thought at first that it might be 
attributed to the presmce of the oil of naphtha in whiw the 
potassium was preserved, and 1 repeated the experiment with 
potassium which had not bran in this oil. The result was the 
same. J then began to diink that this metal might contain 
carbon ; for it haa been prepared after the advantageous pro- 
cess lately givmi by Brunner, which consists in distilling at a 
Ifigh tempei^are a mixture of carbonate potash and of 
carbon in a vessel of forged iron. The potassium, distilled in 
a glass vessd, accordingly left; a coolly residuum, which, by 
treatment with water, gelded some pota^ and mudi carbon. 
In npeaihig the experiment of the combustion of potassium 
in iSeWted fluoric gas remployine the metal thus purified]|, 
the powder was not so brown, aim when bnmt in oxygen ac- 
4]uifed an increase of 40 per cent without prodming carbonic 

acid. . 
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acid. Its colour, however, was much the same as before com- 
bustion. But tills circumstance will no longer appear asto- 
nishing, if we suppose, either that the silicium may take in its 
combustion a lower degree of oxidation, or that, as happens 
with boron, the silica which is formed prevents the entire' com- 
bustion of the silicium. The residuum of the combustion, 
treated by fluoric acid, gave silicated fluoric gas, and its co- 
lour became much darker. Thrown on a filter, well washed 
and dried, it was pure silicium. 

Description of Silicium^ and of its Chemical Relations mth other 

Bodies. 

Obtained in the manner just related, silicium is of a dark 
nut-brown colour, without the least metallic lustre. When 
rubbed with steel it does not give any bright streak, and re- 
sists the friction as an earthy body does* It is incombustible 
in atmospheric air and in oxygen ; it does not undergo any 
change in the flame of the blowpi]^, and appears to belong to 
the class of the most infusible bodies. These properties seem 
opposed to what I have already said of the combustion of sili- 
cium, which is easily accomplished when we employ tliat subr 
stance as obtained immediately after its reduction by potassium. 
This difference in its combustibility is extremely Vemarkable. 
It does not depend on an effect attributable to the fluoric acid; 
for, if before burning the silicium it is treated with fluoric acid, 
a portion of silica will be extracted from it, which had been sepa- 
rated from the fluoric acid by the potash produced by the oxida- 
tion of the potassium by the air, before the experiment could 
be made ; and the acid dissolves besides, especially by means of 
heat, a portion of silicium, with evolution of hydrogen gas. 
The silicium which then remains after filtering and washing 
inflames and burns with vivacity in air and in oxygen. Nor 
can this combustibility result from a residuum of potassium; 
for after combustion* neither fluoric acid nor fluate of silica 
and potash can be extracted from the product: it appears to 
me to be owing more probably to a portion of hydrogen com- 
bined with the silicium ; for, if the silicium be burnt in oxy- 
gen, even after having been heated in hydrogen or in a va- 
cuum, water will be foimed, but in very small quantity rela- 
tively to the great capacity of saturation of the silica. Hie 
silicium whicn is obtained when the brown mass procured 
with potassium is thrown into water is, after that, a hydruret qf 
silicium or a siliciurei qfhvdri^en: the reduced mass is a 9i7i- 
ciuret qfpidassHm^ which the water decomposes ; the potassium 
is converted into potash and dissolved ; the greater part of 
the hydrogen is disengaged, and the smaller part takes the 
^ Vof. 65 . No, 321 -. 1825 . Kk place 
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place of the po^sitim in combining with the siliVinm. If the 
hydruretted silicium is put into an open platinum crucible, and 
sWly heated until redness commences, and then after being 
covered carried to a white-red heat^ die silicium loses its com- 
bustibility; and treated with fluoric acid, which now dissolves 
no more of becomes perfecdy pure, without sustaining the 
m'eat loss which takes place when we b^n by burning it. — 
When the hydruretted silicium is very quickly brought to a 
red heat, it takes fire, because the hydrogen cannot bum at a 
lower temperature without inflaming the silicium at the same 
time. If the silicium does not bum completely in this case, 
that circumstance does not arise from the production of an 
inferior degree of oxidatitm, but from the access of oxygen 
being prevented by the silica formed. Besides the loss of hy- 
drogmi which the silicium sustains at an elevated temperature, 
it undergoes a further change; it loses the property of dis- 
solving in fluoric acid, is contracted in bulk, and takes a darker 
Colour. ^ This circumstance has certainly as great an influence 
in diminishing its combustibility as the loss of its hydrogen. 
In the state of least condensation in which it is obtained, 
when just separated from the potassium by means of water, it 
HKlsy be compared, as to its combustibility, to the porous hy- 
drogenated charcoal of lint, which takes fire by the sparks of 
na steel, but which loses this property after having been ex- 
po^ to an elevated temperature. The incombustibility of 
silicium is besides so great, that the small quantity of it which 
remains on the filters may be found by burning them and 
treating the ashes with fluoric acid. 

I^icmm, even when diy, stains and strongly adheres to the 
riass^ vesmls in which it is kept. When it is treated with 
Huoric acid, the liquid is covered with a little pellicle, which 
envelops, as fat oils do, each drop that is taken from it This 
pellicle rises on the sides of the vessels so long as they are 
damp, and then afqiears, by refraction, of a clearer colour than 
the silicium which is under the liquid. 

Silicium is a non-condnctca* of electricity. That which has 
become incmnbustible by its exposure to a strong heat does 
not undergo any^ change, if, whilst red-hot, chlorate of potash 
is thrown upon it It is not attacked by saltpetre until the 
temperature is raised sufilciently to decompose the nitric acid, 
and the aflBnity of the alkali begins to act; but at a white heat 
it is acted upon with great energy by that salt 

With carlxmate of potash, soiicium bums very easily with 
a vivid inflammaticHi ; carbonic oxide is given out, and the re- 
duced carbon imparts a black colour to the mass. The in- 
candescence is so much the more intmise, and tlie temperature 

icquires 
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r^^uires to be so much less elevated in order to determine the 
action, as less carbonate of potash or of soda is taken. Tlius, 
for example^ taking a portion of carbonate equal in bulk to 
half the siliciuniy the in&mmation takes place much below the 
temperature of ignition* With greater quantities of the car^^ 
bonate, the mass becomes distended by tne production of the 
carbonic oxide, takes fire, and burns with a blue fiame. If a 
still greater quantity of carbonate be employed, no signs of 
combustion can be perceived ; the mass does not grow black, 
and merely gives out carbonic oxide. 

From this mode of action of silicium with carbonate of 
potash arises a very paradoxical phaenomenon. If some in- 
combustible silicium is heated with saltpetre to a moderate 
red, on a leaf of platinum or in a little crucible, no action will 
be observed ; but if there is added a little dry carbonate of 
soda, so that it may touch the silicium, a detonation will take 
place, at the expense of the carbonate, in the midst of the 
saltpetre, and the mass will preserve for some time its black 
colour. 

The cause from which die silicium bums at a low temperature 
more easily with the carbonate than with saltpetre, is without 
doubt owing to the affinity of the alkali for silica being neces- 
sary to determine the combustion of the silicium, and not be- 
ing able to manifest itself with the saltpetre except when the 
temperature is sufficiently elevated for the decomposition of 
the nitric acid. If the burnt mass continues black some time 
longer, this arises from the new combination being compact, 
and protecting the carbon until it enters into fusion. 

Silicium detonates with the hydrates of the fixed alka- 
lie^ producing a vivid incandescence at a temperature at 
which they melt, but much below that of ignition. Hydro- 
gen gas is given out, which is seen to burn when the bulk 
of the mass is not too small. The same phaenomena are ob- 
served with the hydrate of barytes. Incandescence also takes 
place with the hydrate of lime; but it is very feeble, and the 
silicium is oxidated but imperfectly. With the acid fiuate of 
potash it detonates at the iusing temperature of the salt, that 
IS to say, much below a red heat; it is not affected by fused 
borax. 

Silidtim heated to a perfect red in the vapour of sulphur 
mflames and bums, but with less intensity than in oxygen ; 
and the combination even does not take pl^ With the incom- 
bustible dliciiim. The sulpfauration is usiiall;^ as incomplete 
as the oxidalion, and a scorified num is obtfuped of a dark 
gray colour. It scxnettmes haf^iens, however, particularly 
when a vacuum is made in the vessels before volatilizing the 

K k 2 sulphur, 
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sulphui*) that the silicium becomes completely sulphuretted 5 
at least in a part of its mass. It then presents an earthy white 
body, which, thrown into water» instantly dissolves in it with 
the evolution of sulphuretted hydrogen. The silicium is con- 
verted into silica which dissolves in the water'; and if this is in 
small quantity, a solution may be obtained so much concen- 
trated, that it solidifies after a slight evaporation, and it 
leaves the silica, after the desiccation, in a transparent fissured 
mass. SQicium imperfectly sulphuretted also decomposes 
water rapid^, witli the disengagement of hydrogen, and solu- 
tion of the silica in tlie water; and the silicium which was not 
combined with the sulphur becomes separated. In the air 
the sulphuret of silicium diffuses a very strong smell of sul- 

E huretted hydrogen, and loses in a little time all its sulphur ; 

ut in dry air it may be preserved a long time. At a red heat, 
it contracts iuid shrivels up, yielding sulphurous acid and silica. 
This change, however, takes place but slowly ; for when kept 
at a red heat for some moments, it still has the property of 
decoipposing water. 

The siliciuret of potassium readily combines with sulphur 
at a red heat; but if the mass is dissolved in water, there re- 
mains much silicium, unless die mass be newly exposed to a 
white heat, because the silicium then combines with the sul- 
phur at the expense of the potassium previously sulphuretted 
at a more elevated temperature. This combination is a true 
double sulphuret ; its colour is of a dark brown, almost black. 
It presents a melted mass which dissolves in water. It is dif- 
ficult to say whether it dissolves without changing its nature; 
but since the sulphuret of silicium is decomposed in water, 
and sulphuretted hydrogen has a great affinity for the sul- 
phuret of potassium, it is very probable that m the solution 
there exists some silicate of potash with hydro-sulphuret of 
the same alkali. The combinations of the sulphuret of sili- 
cium with the metallic sulphurets, although they exist in the 
dry way, cannot^ it appears, exist in water. 

It is certainly a very remarkable fact to see the silica dis- 
solve in so g^eat quantity in water at the moment of its forma- 
tion, and lose this moperty by evaporation, so as to become 
insoluble in acids. This great solubility, shown by the prer 
ceding experiments, explams the numerous crystwizations pf 
silica m the cavities of druses, which sometimes could not con^ 
tain a volume of liquid ever so litde greater than the crystal it- 
self. : ^Nevertheless, 1 do not pretend that the silica had been 
in as in our ccmmple ; that is to say, that it was the 

result of the decomposition of the sulphuret of silicium. 

I did not succeed in combining phosphorus with silicium 

by 
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by bringing it into contact witli the latter at a red heat I 
did not try any other process# 

If silicium is heated in a current of chlorine, it takes fire and 
continues to burn. If the gas contains atmospheric air, some 
silica remains in the form oi a slight skeleton. Silicium burns 
equally well in chlorine, whether or not it has lost its combus- 
tibility in the air. The product condenses and presents a yel- 
lowish liquid when it contains an excess of chlorine, but which 
is without colour when it is freed from this excess. This li- 
quid is very fluid ; it evaporates almost instantaneously when 
exposed to the air, yielding white vapours, and leaving a re- 
siduum of silica. It has a very penetrating smell, whi^ may 
be compared in some degree to that of cyanogen. Thrown 
into water, it floats on the top : it generally dissolves in it, or 
leaves a little silica. If the quantity of the water is small, a 
drop, for example, on as much chloride of silicium, this en- 
velops it, and the silica remains in a frothy semi-transparent 
mass. This liquid is analogous to tlie combinations of the 
other electro-negative bodies with chlorine. It reddens lit- 
mus paper : it is the second example known of a liquid com- 
bination formed by silicium. 

At common temperatures potassium has no action on chlo- 
ride of silicium ; but when heated in the vapour of the latter 
substance it takes fire and produces a compound of potassium 
and of silicium. The iodide of potassium does not combine 
with silicium. 

Silicium is neither dissolved nor attacked by the sulphuric, 
nitric, or muriatic acids, and not even by aqua- regia. In its 
combustible state it is slowly dissolved by fluoric acid with the 
evolution of hydrogen; but in losing its combustibility it loses 
also the property of dissolving in this acid. It is, on the con- 
trary, dissolved with rapidity, even in the cold, by a mixture 
of the nitric and fluoric acids, nitrous gas being given out. 
Combustible silicium is dissolved by digestion in a solution of 
caustic potash; but when rendered incombustible, it is no 
longer attacked by the alkalies in the humid way. 

Silicium, when once isolated, combmes with the metals with 
much difficulty. Its remarkable affinity for platifium is known 
by the ^periments^ of M. BouSsingault; but it may be heated 
as often and as long as we choose in a platinum crucible, 
without any combination taking place* But if we endea- 
vour to redhice silicium by potassium in a platimun crucible^ 
the silicium penetrate deeply into the platinum wherever 
diis is touched by the potassium. Copper, silver, lead &nd tin^ 
heated with silicium by the blo^ip^ do not seem changed 
in their appearance, nor in their ductility; notwithstanding 

when 
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when they are treated with acids they leave a small quantity 
of silica. The copper, particularly, left a skeleton of the same 
form as its own. it is here to be remarked that silicium, 
which alone is not attacked by the acids, is oxidated by them 
when its combinations with the metals are dissolved. We 
have, however, a similar example already in rhodium, which, 
though not attacked per se by aqua-regia, is dissolved by it 
when alloyed with certain metals. 

Titanium, which approaches so near to silicium in its pro- 
perties, is also insoluble in acids in the metallic state (with the 
exception of a mixture of the fluoric and nitric acids), whilst 
it is oxidated and easily dissolved when alloy^ with other 
metals. 

Silicium combines with potassium at a high temperature, 
but without the evolution of a remarkable heat It affords 
two combinations : one, with excess of potassium, of a dai'k- 
gray, and which dissolves completely in water ; the other, with 
less potassium, is obtained by the reduction before stat^, or 
by exposing the first to a very strong heat. It is besides pro- 
bable that silicium may form with the metals combinations, 
the proportions of which correspond with those of their sili- 
cate. — I reserve diese researches for another time. 

Preparation of Silicium* 

The combustion of potassium in silicated fluoric gas re^ 

S uires apparatus which we have not always at hand. The 
ouble siuts, on the contrary, which fluoric acid forms with 
silica and potash, or soda, amrd very advantageous means of 
pr^ring silicium. I did not observe any difference in the 
use of one or the other of these salts. That of soda has how- 
ever the advantage of containing under the same weight and 
the same volume a greater quantity of the fluate of silica. This 
salt is used in the allowing manner: — It is reduced to a fine 
powder; and in case the desiccation has made its particles ad- 
here> and also to expel the humidity that may remain, it is ex* 

S osed to a temperature as high as it cauJbear without being 
econi|X>sed, that is to say, mudi above 100^. It is then put 
by layers w^ the potassium into a tube cff glass closed at one 
end, which is i[iBced in sudi a manner as that all the mass 
may be heated at the same time. We may, if we choose, melt 
the potassium and mix it, by means of a of iron, widi the 
aah^ and (hen heat the mass over a spirit-lamp. Even before 
a tii heat, the silicmm is reduced with a slight hissing and 
a feeble afqiearanoe ^ heat No gas is disengaged when the 
salt has b^n well dried. The mass is left to cool, and then 
treated as before described. It ought however to be dissolved 

in 
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in a |[t*eat quantity of water ; so that the liquid, wbidi becomes 
alkalme by the oxidation of the potassium, may be as diluted 
as possible, and have less tendency to oxidate and dissolve the 
silicium. It is for this reason that the mass ought not to be 
treated with hot water, — ^that the liquid has not lost its alka- 
line quality by the washing. It is afterwards boiled with 
water, and washed with hot water until no stain is left by 
the evaporation of a drop of liquid. For this purpose much 
time is generally requisite, and much water must be used. The 
silicium obtained by this process contains hydrogen; but in a 
smaller quantity, however, and perhaps in the same manner 
as the common charcoal of wood, which Davy considers as hy- 
drogenated carbon. It contains also silica, which proceeds 
principally from the potassium^ before the reduction, being oxi- 
dated a little, and then separating a quantity of silica coiTe- 
sponding to the alkali formed: but the alkali which is formed 
after the reduction, when it dissolves the mass in the water, 
dissolves a portion of the double salt in excess, without se- 
parating the silica from it. This silica ought to be taken away 
by means of fluoric acid ; but as the silicium would dissolve 
in the acid, we must begin by rendering it insoluble and in- 
combustible : if it were made to burn in air, a portion of in- 
combustible silicium would indeed be obtained after treat- 
ment by fluoric acid ; but ordinarily two-thirds of it would 
be lost by the combustion. This loss is prevented by heating 
nearly to ignition the dried silicium containing hydrogen in 
an open crucible : this degree of heat is maintained some time, 
and then it is raised little by little to a perfect red beat. If 
the silicium become inflamed, the crucible should be covered 
directly, and the temperature lowered, which will instantly 
stop the combustion. When the calcination is finished, the sili- 
cium is incombustible in air, and is no longer attacked by 
fluoric acid, if it does not contain any foreim metal, iron or 
manganese for example ; for in this case the mloy would be en- 
tirely dissolved with disengagement of hydro^ru After treat- 
ment by the acid, the^ silicium is washed and dried. It might 
be thought that this incombustibility is caused by an extremely 
thin pellicle of silica; but I dried the silicium in a vacuum, 
and then heated it to redness in the air, and I did not find any 
change of weight 

The silica may be reduced by heating it with potassium: 
but it happens either that the combination, rich in potassium, 
becomes entirdy dissolved in the water; or else, when the heat 
is sufficient to expel the excess of potassium, that the silicate 
of potash formed malts into a vitreous mass, and envelops 
die silicium, which thence acquires a clearer colour. Part of 

the 
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the silicate may be separated by means of water, but the re^ 
maind^ can only be removed by fluoric acid. The quantity ot 
silicium obtained is extremely small ; and tliis manner of ob- 
taining it merits attention only because it gives the same re- 
sult as the double salt when treated with potassium ; which 
proves that the evolution of hydrogen that takes place when 
the mass is treated by water is owing to the potassium, and 
not to the combustible radical of fluoric acid. It is by the 
process in question that Davy endeavoured to reduce silica ; 
and he obtained with the mixed silicate of potash only a brown 
pulverulent matter, which dissolved in the water, giving it a 
greenish-gray colour. I observed the same colour in the so- 
lution; but it disappears when this becomes clear. 

1 passed silicatea fluoric gas through a red-hot iron tube filled 
with turnings of the same metal, and it was not sensibly ab- 
sorbed. The turnings when taken out were of a nut-brown co- 
lour, similar to that of silicium, and had the taste of fluatc of 
iron, in the places where the heat had had the most intensity. 
This last having been dissolved by water, a perceptible pelli- 
cle of silicium was left on the surface of the iron, but so thin 
that it was not possible to separate it. We see by this ex- 
periment that iron at a sufficiently elevated temperature has 
an affinity strong enough to decompose the gas ; but that the 
decomposition soon ceases, because the silicium which is de? 

} )Ositeu at the surface of the metal prevents its action. By 
using in a covered iron vessel a mixture of very fine iron 
filings with fluate of silica and potash, tlie salt was decom- 
posed and converted into double proto-fluate of iron and pot- 
ash : after having dissolved it in warm water, a combination 
of iron and of silicium w^as left. I liopcnl to be able to separ- 
rate the iron by means of an acid ; but the silicium became 
oxidated at the same time, although I employed the liquid 
silicated fluoric acid. In drying this alloy it oxidated more 
quickly in the air than it dried, and was changed into ah ochre 
of a rusty yellow colour. 

Composition of Silica. 

, Since silicium can be obtained in a direct manner, it was na- 
tural to endeavour to ascertain, its oxidation in a direct manner. 
For this purpose I burnt 100 parts of pure silicium, dried in 
a vacuum, by heating it with carbonate of soda. The mass, 
treated by muriatic acid, evaporated to dryness, and strongly 
heated, was dissolved in water, and left some silica coloured 
gray by carbon, which, well washed and ignited, became snow- 
white, and we^ed ^03*75. The solution obtained and the 
waters of the washing were evaporated afresh, and the saline 

residuum . 
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tesiduum heated to redness^ Treating this with water, it still 
gave a little silica, which, after the addition of a drop of am- 
monia, took at the expiration of some hours a colour inclining 
to a yellowish-brown : when heated to redness it weighed 1 *5 ; 
it had lost its dark colour, but it was not snow-white. With 
soda it gave on platinum foil a faint but evident trace of 
manganese. 100 parts of silicium had consequently absorbed 
105-25 of oxygen, and produced 205-25 of silica. The experi- 
ment was repeated on a portion of silicium on which fluoric 
acid had been evaporated, in order to be more certain that all 
the silica had been removed. 100 parts of silicium, previously 
calcined to redness in the air, gave, by the process described 
.above, 207 of silica; and, by evaporation of the waters, 1 part; 
or in all, 208 of silica. 

According to these two experiments, silica is composed of 

Silicium 48*72 to 48*08 

Oxygen . . . . 51*28 to 51*92 

They both give a greater proportion of oxygen than that 
which I found, according to the capacity of saturation of silica 
for saline bases, and which is only 50*3. 

But if we return to the analysis of the salts containing fluate 
of silica, we shall be able to calculate the saturating capacity 
of silicium according to the results which we have obtained 
from it. 

Of all these double salts, that of barytes is the most suitable. 
The only uncertainty which could be met with in its analysis 
arises from its retaining a little humidity which is not disen- 
gaged until the moment of its decomposition. But the quan- 
tity of it may be deteririined by melting the salt with oxide of 
lead; for the acid is retained, and the water only disengaged. 
100 parts of the salt lost in this manner 0*85 of moisture. 
100 parts 9 f the same salt^ weighed at the same time, ^ave, 
according to the process described for the analysis of the 
fluate of silica and barytes, 82*933 of sulphate of oarytes, re- 
presenting 54*428 of barytes. But according to the analysis 
already known of the double fluate of silica and bai-ytes, the 
base is combined widi three times more fluoric acid than in 
the neutral fluate. It thence follows that the double salt is 

formed of Barytes 54*428 

Fluoric acid . . 22*836 

Silica 21*886 

Moisture .... 0*850 

loooob 

The . 54*428 parts erf* barytes are saturated by 7’ei2 of 
fluoric acid; whence it follows tliat 15*224 of this acid were 

Vol. 65. No. 324. April 1825. L 1 combined 
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combined witli 21*886 of silica, or that 100 of acid took 146*76 
of silical The fluate of silica is consequently composed of 

Fluoric acid 41*024 100*00 

Silica 58*976 143*76 

But 100 parts of fluoric add conwpond to 74*7194 of oxy- 
gen in each base that it saturates ; consequently ^is quantity 
of oxygen ought to be contained in the 143*76 of silex which 
the acid i^turates, and the composition of silica should be 


Silicium 48*025 100*00 

Oxygen 51*975 ^ 108*22 


This proportion comes very near to that obtained by syn- 
thesis, but it is difficult to say on which side the greatest errors 
of observation are to be found. According to what precedes, 
the weight of the atom^ of silicium, supposing that the silica 
contains three atoms of oxygen, would be 277*2, and, accord- 
ing to the best of the two synthetic experiments, 277*8. The 
other would carry it to 285 ; but this number by all appear- 
ance is too great. It exceeds by If per cent that which had 
been adc^ted at first ; which is so well suited for the new and 
most exact analyses of minerals, that if they were calculated 
according to the determination which we have just given, they 
would render an excess of silica necessary. But I must re- 
mark on this head, that a mineral is rarely found of which si- 
lica does not form an essential component, which does not yet^ 
contain from f to 2 per cent of it, and even more, either in the 
stote of quartz or in that of another siliceous mineral. This 
circumstance must toke place so much the more with the mi- 
nerals which have silica for one of their elements ; and conse- 
quentkir all thaj quantity of it which is found atove what the 
calculation gives should be attributed to a siliceous mixture 
existing in the mineral. 

As to the number of atoms of oxygen contained in silica ; 
the new foots do not furnish us with the means of determining 
this point. The circumstance that the carburetted silicium 
produces wlien burned an equal weight of silica, leads us to 
consider it as a qoadricarburet, which by burning would give 
an oxide at three atoms of oxygen ; but as I nave not been 
able to isc^te the carburet of silfoium, nor to bum it com- 
pletely, this result, although obtained in several experiments, 
and with silicium prpduced by different operations, has not 
the certitude it oi^t to bay^ to be admitted as a proof. . It 
ought notwithstancu^ to he considered as affording a strong 
presumption that silica contains three atoms of oxygen, so far 
as our knowledge Yespecffng the crystalline form of bodies fiir- 
iwhes us wj^ ihe means oi deciding on the number of atokns 
of tfduch oxides ai^e fohhed. For the expression of the com- 
position 
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fmilion of the silicates by formulas, it would certainly be more 
simple to consider silica as formed of an atom of sihdum and 
an atom of oxygen; but it then would be difficult to conceive 
the existence of the silicates which contain six times the oxy- 
gen of the base, as in the apophyllite, — in which an atom of 
potash would then be combined with 13 atoms of silica. 

To conclude : It still remains to be decided to what class of 
simple bodies silicium belongs. Since it has no lustre, nor 
the property of conducting el^tricity in the state in which it 
has hitherto been obtained, it is evident that it cannot be 
classed among the metals, and that its properties bring it near 
to boron and carbon. Some systematical philosophers will 
in consequence, doubtless, give it the name of silicon^ to indi- 
cate by its termination the class of combustibles to which it 
should be referred. But I look upon this denomination as use- 
less ; for there is not any true limit between the metals and 
the metalloids. Carbon possesses the metallic lustre, and 
conducts electricity, but it is not considered as a metal; and 
if silicium could be melted, it then perhaps would have these 
properties, which it does not possess in a pulverulent state. 
Uranium, under this last form, can be distinguished but widi 
difficplty by its appearance from silicium ; and when crystal- 
lized, on the contrary, it has the metallic lustre and is trans- 
parent on the thinnest edges. Columbium and titanium also 
approach silicium by their chemical properties ; and would it 
not be well to separate them from the metals, in order to unite 
them to the metalloids,*— that is to say, to the non-metallic com- 
bustible bodies ? I only wish to show, by these remarks, that 
there is no natural limit between these bodies ; and that when 
their electric relation only is considered as exact, it is quite 
indifferent whether we place a combustible body among the 
metals or xioX..--^i^Annalen der Physik mid Chemie^) 


XLIII. A Letter from the Rev. W. Kirby in explanation of 
his Remarks upon the Notice, gix>en in the Philosophical Ma- 
gazine, of Mr. W. S. MacLeay^s Paper on the Tarsi <f cer- 
tain Insects. 

To the Editor of the Philosophical Magazine and Joumah 
Dear sir, ' , Webb's Hbtel, Pfccadilly, April 14,' 1835. 

T*T gives me great pain and concern to learn that some gen- 
demen have regarded my remarks upon yotfr statement of 
the object rfMr. W . S. MacLea/s Pfper Oa the Structure of 
the Tarsus in theTetramerous andTrimerousCelec^teraof the 
French Entomologists,”' in a very different from what I 
intended, and as navirig the air of an attack ilpon him. I 

L 1 3 hasten 
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hasten therefore to remove any misconception of this kind 5 botfa 
for his sake and my own ; for nothing was further from my in- 
' tention than to attcuik a friend whom I have so and so 
highly esteemed, both for his personal qualities, his natural ta- 
lents, and the extensive range of his learning and knowledge. 

That I could have no such intention will be evident when 
I state that in the first instance I sent him the substance of 
the remarks which you have inserted in your Magazine, with 
the exception of that relating to De Geer, requesting him to 
put them into any form that might be agreeable to him, and 
insert them himself ; but as it appeared to him that this would 
be committing himself with the Linnaean Society, he declined it. 

With regard to De Geer, I regret exceedingly that I inad- 
vertently and too hastily assumed that Mr. MacLeay was not 
aware of his having mentioned and figured the accessory joint 
at the base of the claw-joint of Coccinella; an error into which 
I was led by the mode in which the subject of Mr.MacLeay’s 
paper was stated, and by the circumstance of having myself, 
subsequently to my first letter, observed to him that De Geer 
(of which, as I said, I was not then any more than himself 
aware) had noticed the joint in question. 

I hope this will be deemed in some degree an extenuation of 
my error in building upon a foundation apparently so slight. 

I must here also observe, that De Geer invariably looked - 
upon Coccinella as being trimet'ous^ as appears in almost every 
passage in which he has mentioned it, and in the explanation 
of this very plate ; so that he regarded this not as a p'imary 
but as a secondary joint, or the Joint of a joint, as I am dis- 
posed to do myself ; and therefore in the Introduction to En- 
tomology, and upon other occasions, 1 speak of the Chysomelidce^ 
&c. as tetramerous^ and the Coccinellidce as trimerom. 

I also regret, when I said that the third volume of the work 
just alluded to had been some time printed,” that I did not 
add, ‘‘but not yet published.” But since this last fact ap- 
peared to me to be universally known, it did not occur to me 
that this was necessary. It has, however, been observed to 
me, that some readers of your Magazine may possibly not 
have been aware of this circumstance. To do away any im- 
pression that may have thus been produced, I beg leave to 
state that Mr. MacLeay has never seen that part of my work 
in which the observations on the tarsi of tetramerous and tri- 
merous insects copied in your Magazine are contained, and 
that I believe him incapable of knowingly appropriating to 
himself the honour that belongs to another. , 

I am, dear sir, yours, &c. 

Wm. Kirby. 
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XLl V. On the Action of Jinely^divided Platinum on Gaseous 

Mixtures^ and its Application to their Analysis^ By Wm. 
Henry, Jfef.Z). F.R.S.* 

^!£VEltAL jrears have elapsed since the President of the 
^ Royal Society, in the further prosecution of dbose re- 
searches on flame which had already led him to the most im- 
portant practical results, discovered some new and curious 
phaenomena in the combustion of mixed gases, by means of fine 
wires of platinum introduced into them at a temperature be- 
low ignition. A wire of this sort being heated much below 
the point of visible redness, and immersed in a mixture of 
coal gas and oxygen gas in due proportions, immediately be- 
came white-hot, and continued to glow until all that was in- 
flammable in the mixture was consumed. The wire, repeatedly 
taken out of the mixture and suffered to cool below the point 
of redness, instantly recovered its temperature on being again 
plunged into the mixed gases. The same phsenomena were 
produced in mixtures oi oxygen with olefiant gas, witli car- 
bonic oxide, witli cyanogen, and with hydrogen ; and in the 
last case there was an evident production of water. When 
the wire was very fine, and the gases had been mixed in ex- 
plosive proportions, the heat of the wire became sufficiently 
intense to cause them to detonate. In mixtures which were 
non-explosive from the redundancy of one or other gas, the 
coiubination of their bases went on silently, and the same che- 
mical compounds were formed as by their rapid combustion. 

Facts analogous to these were announced in the autumn of 
last year by Professor Doebereiner, of Jena, with this addi- 
tional and striking circumstance,— that when platinum in a 
spongy form is introduced into an explosive mixture of oxy- 
gen and hydrogen, the metal, even though its temperature had 
not been previously raised, immediately glows, and causes the 
union of the two gases to take place, sometimes silently, at 
otiiers with detonation. It is remarkable, however, that pla- 
tinum in this form, though so active on mixtures of oxygen 
and hydrogen, produces no effect, at common temperatures, 
on mixtures of oxygen with those compound gases, which were 
found by Sir Humphry Davy to be so readily acted upon by 
the heated wire. Carbonic oxide appears indeed, from .the 
statement of MM. Dulong and Thenard, to be capable of uni- 
ting with oxygen at the temperature of the atmosphere, by 
means of the sponge ; but though this is in strictness true, yet 
the combination'', in all the experiments I have made, has been 
extremely slow, and the due diminution of volume has not 

■* From the Phil. Trans, for 1824, Part II. 


been 
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oeen« completed till several days have elapsed* On mixtures 
of olefiant gas, of carburetted hydrogen, or of cyanogen, with 
oxygen, the sponge does not by any duration of contact exert 
the smallest action at common temperatures. 

It was this inefficiency of the platinum sponge on the com- 
pounds of charcoal and hydrogen in mixture with oxygen, 
while it acts so remarkably on common hydrogen, and mso, 
though slowly, on carbonic oxide, that suggested to me the 
possibility of solving by its means some interesting problems 
in gi^epus analysis. I hoped more especially to be able to 
separate from eimh other the gases constituting certain mix- 
tures, to the compositions of which approximations only had 
been hitherto made, by comparing the phaenomena and results 
of their combustion with those which ought to ensue, suppos- 
ing such mixtures to consist of certain hypothetical propor- 
tions of known gases. It might, for instance, be expected that 
from a mixture of hydrogen and carburetted hydrogen with 
oxygen, the platinum sponge would cause the removal of the 
hydrogen, leaving the carburetted hydrogen unaltered. To 
ascertain this and a variety of similar facts, I made artificial 
mixtures of the combustible gases in known volumes ; and sub- 
mitted them, mixed with oxygen, sometimes to contact with 
the sponge, and sometimes with the balls made of clay and 
platinum, described by Professor Doebereiner. 


Section I. 

' On die Action of finely-divided Platinum on Gaseous Mix- 
tures at common Temperatures. 

I. Mixtures of Hydrogen and Olefiant Gases xvith Oxygen. 

When to equal volumes of olefiant gas, and an explosive 
mixture (which is to be understood, whenever it is so tiamed, 
as consisting of two volumes of hydrogen and one of oxygen 
gases), one of the platinum bails, recendy heated by the blow- 
pipe^ and allo^ved to cool during eight or ten seconds, is in- 
troduced through mercui*}', a rapid dbninutioh of volume takes 
place; the whole of the hydrogen and oxygen gases is con- 
dens^; but the olefiant gas is either not at all or very little 
acted upon. In a few.experiments when the tube was narrow, 
and the quantity of mixea gases small, the olefiant gas escaped 
combustion entirely; but, in general, an eighth or tenth of it 
;was converted into water and carbonic acid. It is difficult, 
however, to state the prmse propmcdon of any gas which, 
when added to an explosive mixture^ renders the latter insen- 
sible to the action of die balls or sponge ; for giuch depends 

on 
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on their temperatui'e when introduced into the gaseous mix- 
ture, the diiimeter of the containing vessel, and other circum- 
stances, which, in comparing different gases, should be so re- 
gulated as to be equal in every case. 

When the proportions of the gases are changed, so that the 
explosive mixture exceeds in volume the olefiant gas, there is a 
more decided action upon the latter, manifested by an increased 
production of carbonic acid. Thus, for example, the. explo- 
sive mixture being to the olefiant as 2^ to I, about one-fourth of 
the olefiant gas was consumed ; and by increasing the propor^- 
tion of the explosive mixture the olefiant g&s was still more 
acted upon. On using oxygen sufficient to saturate both the 
hydrogen and the olefiant gases, the ball acted much more 
rapidly: in several instances it became red-hot; all the hydro- 
gen was consumed ; and the whole of the olefiant gas was 
changed into water and carbonic acid. In this case the use 
of the sponge is inadmissible, as it kindles the gases, and oc- 
casions Uieir detonation. 

II. Mixtures of Hydrogen and Carhuretted Hydrogen Gases mth 

Oxygen. 

When carburetted hydrogen, procured from stagnant water, 
was added to an explosive mixture, in various proportions be- 
tween equal volumes, and ten of the former to one of the lat- 
ter, the action of the hydrogen and oxygen on each other took 
place as usual, on admitting one of the balls. When, revers- 
ing the proportion, the explosive mixture was made to exceed 
the carburetted hydrogen, but not more than four or five times, 
the latter gas was entirely unchanged. With a larger pro- 
portion of the explosive mixture carbonic acid was always 
found to have been produced ; but still the carburetted hydro- 
gen was very imperfectly consumed ; and fully three-fourths 
of it were generally found to have escaped unbumed. 

When to a mixture of hydrogen and carburetted hydrogen, 
oxygen enough was added to saturate both gases, the effect of 
the sponge was found to vary with the proportion of the sim- 
ple hydrogen. In several cases, where the hydrogen did not 
exceed the carburetted hydrogen more than four times, the 
latter gas remained unchan^; when in larger proportion^ 
there was a decided action upon the carbm*etted hydrogen. 
But it was much more easy to regulate the action of the ^Is 
upon such a mixture so as to act up<^ the hydrogeii and qxy- 
gcm only, than the case of olefiant gas, which, imdier similar 
circumstances, is always ifiore Wgmy converted {pto watdr 
and carbonic add* 

III. Mixtures 
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III. Mixtures of Hydrt^en and Carbonic Oxide voith Oxygen. 

*rhe addition of one volume of carbonic oxide to two volumes 
of an explosive mixture produces a distinct effect in suspending 
the action of the platinum balls, and even 6f the spongy metal 
itself. The action of the gases upon each other still, however,' 
goes on slowly, even when the carbonic oxide exceeds the ex- 
plosive mixture in volume; and after the lapse of a few days 
the oxygen is found to have disappeared, and to have partly 
formed water, and partly carbonic acid. I made numerous 
experiments to ascertain whether the oxygen, under these cir- 
cumstances of slow combustion, is divided between the car- 
bonic oxide and the hydrogen in proportions corresponding to 
the volumes of those two gases. The combustible gases be- 
ing in equal volumes, and the oxygen sufficient to saturate 
only one of them, it was found that the oxygen which had 
united with the carbonic oxide was to that \^ich had com- 


bined with the hydrogen as about 5 to 1 in volume. In- 
creasing the carbonic oxide, a still larger proportion of oxy- 
gen was expended in forming carbonic acid. On the con- 
trary, when the hydrogen was increased, a greater proportional 
quantity of oxygen went to the formation of water. But it 
was remarkable, that when the hydrogen was made to exceed 
the carbonic oxide four or five times, less oxygen in the whole 
was consumed than before ; the activity of the carbonic oxide 
appearing to have been diminished, without a corresponding 
increase m that of the hydrogen. 

In cases where the proportion of the carbonic oxide to the 


explosive mixture, was intentionally so limited that the platinum 
ball was capable of immediately acting upon the latter, the 
carbonic oxide was always in part changed into carbonic acid, 
the more abundantly as its volume was exceeded by that of 
the explosive mixture. Increasing the oxygen, so that it was 
adequate to saturate both gases, and causing, the hydrogen to 
exceed the carbonic acid in volume, a speedy action w»as al- 
ways exerted by the ball, and the whole of the combustible 
g^es was silently converted into water and carbonic acid. 
The introduction of the platinum sponge into such a mixture 
was almost alyrays found to produce detonation. 


IV. Mixtures of ^Hydrogen and Cyanogen with Oxygen. 


When one of the platinum balls, after being recently heated, 
is introduced , into cyanogen and explosive mixture in equal 
volumes, no apparent action takes plac^ Wi& h.alf a volume 
of cyanog^ there is a slight diminution ; and as We reduce the 

proportion 
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pr<^ortion of that gas, the action of the elements of the ex- 
plosive mixture on each other becomes more and more dis- 
tinct There is not, however, as with carbonic oxide, an^ 
production of carbonic acid ; but in the course of a few mi- 
iiutes the inside of the tube becomes coated with a brownish 
substance^ soluble in water, and communicating to it the same 
colour; having a smell resembling that of a burnt animal 
substance, and yielding ammonia on the addition of a drop 
or two of liouid potash. It was produced in too small a quan- 
tity to enable me to submit it to a more minute examination ; 
but its characters ^peared to resemble those of a product ob- 
tained by M* Gay-Lussac by mixing cyanogen with ammonia- 
cal gas. 

If oxygen be added to a mixture of hydrogen and cyano- 
gen, in quantity sufficient to saturate both the gases, it is still 
necessary, in order that an immediate effect should be pro- 
duced by the sponge, that the hydrogen should exceed the 
cyanogen in volume. A decided action then takes place : an 
immernate absorption ensues; fumes of nitrous acid vapour 
appear, which act on the surface of the mercury ; and after 
removing the nitrous acid by a drop or two of water, and trans^ 
ferring the gas into a dry tube, carbonic acid is found to have 
bean produced, equivalent in volume to double that of the cy- 
anogen. 

V. Effect of adding various other Gases to an Explosive Mix- 

ture of Hydrogen and Oxygen. 

It had been already ascertained by Professor Dcebereiner, 
that one volume of oxygeii diluted with 9^ volumes of nitro- 
gen is still sensible, when mixed with a due proportion of hy- 
drogen, to the action of the sponge. Carbonic acid also, even 
(I find) when it exceeds the exposive mixture ten times, re- 
tards only in a slight degree the energy of the sponge. Oxy- 
gen, hydrogen, and nitrous oxide gases, when employed to 
dilute an explosive mixture, are equmly inefficient in prevent- 
ing the mutual action of its ingredients. Ammonia may be 
added in ten times tlie volume of the explosive mixture, and 
muriatic acid gas in six times its volume, with no other efiect 
than that of rendering the action of the sponge less speedy^ 

VI. Mixtures of Carbonic Oxide andfCarhuretted Hydrogen 

mtk Oxygen., 

When mixtures of thps^ are exposed to the spo^e, 
the carburetted bydrog^ to stand entirely neutral. The 
carbonic oxide is coni^l^^ carboxiic acid, in the same 

g radual manifir as if it haaiMKmmixed with oxygen only; and 
16 carburetted hydrogen remafus unaltered. 

Vol. 65. No. 324. April 1825. M m VII. Mix- 
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VI I. Mixtures of Hydroge^h Carburettcd Hydrogen^ and Car- 

bonic Oxide with Oxygen. 

In mixtures of these gases, it is of little consequence whether 
the oxygen be sufficient for the hydrogen and carbonic oxide 
only, OP be adequate to the saturation of all three. The circum- 
stance which has the greatest influence on the results of ex- 
posing snch mixtures to the sponge, is the proportion which 
the simple hydrogen bears to the other gases, and especially 
to the carbonic oxide ; for in order that there may be any im- 
mediate dcftion, the former should exceed the latter in volume* 
In that case the hydrogen is converted into water, and the 
carbonic oxide into carlx>nic acid ; but the carburetted hydro- 
gen, unless the excess of hydrogen be very considerable, re- 
mains unaltered. If the proportion of hydrogen be so smull 
that no immediate action is excited by the sponge, the ingre- 
dient^ of the mixture nevertheless act slowly upon each other ; 
and after a few days the whole of the hydrogen and carbonic 
oxide are found to have united with oxygen, and the carbii- 
retted hydrogen to remain of its original volume* 

VI II. Mixtures qf Hydrogen^ Carbonic Oxide^ and Ol^ant 

Gases with Oxygen. 

When the oxygen, in a mixture of these gases, is sufficient 
to saturate the two first only, and the proportion of hydrogen . 
is so adjusted tliat the action of the sponge is not very ener- 

f etic, the hydrogen and carbonic oxide only are acted upon ; 

lit if the efiminution of volume, which the sponge produces, 
be rapid and considerable, part of tlm olefiant gas is converted 
into water and carbonic acid. This effect on (defiant gas takes 
place still more readily if the oxygen present be adequate to 
the saturation of all three combustible gases. 

It is remarkable, that if to a mixture of hydrogen, carbonic 
oxide, and oxygen, in such proportions that the sponge would 
act rapidly in prciduciug combination, olefiant gas be added, 
the action of the gases on each other is suspended. Thua 20 
measures of carbonic oxide, 31 of hyclrogen, and 20 of oxy- 
gen^ were histantly acted upon by the sponge but the addi- 
tion of 20 mei^ures of olenant gas tp a similar mixture en- 
tirely suspendkl its efficiency. By standing fourteen , days, 
rather more than half Ae carbonic oxide was. acidified, and 
about one-twelfth of the liydrogen was changed into water, but 
tlie olefiant gas remained unaltered. 

" Mixtures qfHydn^^ Carbonic Oxide^ Carburetted fly- 
, drogen^ and Ot^ant Gases with Osygeh. 

In mixtures of these feifjr gases with oxygen, it was found 

by 
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by varying the proportion of hydrogen, that hydrogen and 
carbonic oxide are most easily acted upon; then olefiant gas; 
andxarburetted hydrogen with the greatest difficulty, 
the action of the sponge was moderate, only the hydrogen and 
carbonic oxide were consumed, or at most the olenant gas was 
but i^rtially acted upon. Adding more hydrogen, so as tor 
occasion a more rapid diminution, the olefiant gas also was 
burned ; but the carburetted hydrogen always escaped com* 
bustioii) unless the hydrogen were in such proportion tha^ the 
ball or sponge became red*hot. 

From the facts, which have been stated, it appears that when 
the compound combustible gases, mixed with each other, with 
hydrogen, and with oxygen, are exposed to the platinum balls 
or sponge, the several gases are not acted upon with equal 
facility ; but that carbonic oxide is most disposed to unite with 
oxygen ; then olefiant gas ; and lastly, carburetted hydrogen. 
By due regulation of the proportion of hydrogen, it is possible 
to change the whole of the carbonic oxide into carbonic acid 
without acting qn the olefiant gas or carburetted hydrogen. 
With respect indeed to olefiant gas, this exclusion is attended 
with some difficulty, and it is generally more or less con- 
verted into carbonic acid and water. But it is easy, when 
olefiant gas is absent, so to regulate the proportion of hydro- 
gen, that the carbonic oxide may be entirely acidified, and the 
whole of the carburetted hydrogen be left unaltered. This 
will generally be found to haye been accomplished, when the 
platinum ball has occasioned a diminution of the mixture, at 
about the same rate as atmospheric air is diminished by ni- 
trous gas when the former is admitted to the latter in a nar- 
row tube. 

Section II. 

On the Effect of fnely^divided Platinum on Gaseous Mixtures 
at increased Temperatures. 

The effect of varying the proportion of free hydrogen to the 
compound combustible gases, on the degree of action which 
is excited by the platinum sponge, ^1 perhaps admit of be- 
ing explained, by examining the fiicts mat have been stated, 
in connexion with the d^ees of combu^ibility of the com- 
pound gases under ordinary circumstances, llie precise de- 
gree ofWiperattire at which ally bile of them bums h, not 
known, on account of the imperfection of our pre^t methods 
of measuring Udi degrees <h beat It has been ascertained 5 
however, by Sir^umphry Davy, that at a heat bi^een that 
of boiling mercury ana that which renders glass luminous jn 
the dark, hydrogen and oxygen gases unite silently, and with- 

M m 2 out 
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out any light being evolved; that carbonic oxide is a» inflam- 
mable as hydrogen ; that olefiant gas is fired by iron and char- 
coal heated to redness; but that carburetted hydrogen^'to be in- 
flamed> requires that the wire should be white-hotr Now 
this is precisely the order in which tKe three compoundgases 
require hydrogen to be added to them, in order to be rendered 
susceptible of being acted, upon by the platinum i&pasm ; 
carbcmic oxide being acted upon wi& the smallest propor&n 
of hydrogen, olefiant gas requiring more hydrogen, and ear- 
bui^tted hydrogen a still larger propcution. It is m^Hr^ely 
probable then, tnot the tenmerature, produced by the union of 
the hydrogen and oxygen forming part of apy mixture, is the 
circumstance which cfetermines the combustible gases to unites 
or not, with oxygen, by means of the sponge. It waa desirable, 
however, to ascertain the exact temperature at which each of 
those three gases unites with oxygen with the intervention of 
'die spongy platinum. For this purpose the gases, mixed with 
oxygen enough to saturate them, were severally exposed in 
smaU retorts containing a platinum sponge, and immersed in 
a mercurial bath, to a temperature which was ^adually raised 
till the gases began to act on each othen In uiis way the fol- 
lowing mcts were determined. 

Ist. Carbonic oxide began to be converted into carbonic 
acid at a temperature between SOO^ and 310^ Fahrenheit. By 
raising the temperature to 340% and keeping it at that point 
for 10 or 13 minutes, the whole of the gas was acidified, the 
condensation of volume in the mixture being equivalent to the 
oxymn which had disappeared. 

' 2a]y. Olefiant gas, mixed vnth sufiicient oxygen, and in 
contact with the sponge, showed a commencement of decom- 
position at 480^ Fahrenheit, and was slowly but entirely 
changed into carbonic acid by a temperature not exceeding 
520^ Fahrenheit MM. Dulong and Thenard state the same 
change to take place at 300^ Cent = 572^ Fahrenheit $ but 
having repeated the experiment several times, I find no reason 
to deviate firom the temp^ature which I have assigned* 

3dly«. Carburetted hydrogen, ^posed under the same cir- 
cumstances, was not in the acted upon hy a temperature 
of 555^ Fahrenheit, fhe highest to which, by ap Argand’s 
lamp,^ 1 was able to row the mercurial bath* ^is, Ipiwpver, 
mbst have been near the temperatiure required % eomhmafion ; 
for on removiim the retort ftom the mercurial ap- 

plying aepiri^ el such a distance as npt topiake the re- 
tor^ a diipinutloh^ ve|umecQ)nmenced,^j^ 

nu^ till all the carburetted hydrogen was sUeptly converted 
ipto water and carbonic acid. 

4thly. 
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4thly» Cyanogen, similarly treated, was not chan^d at a tem- 
perature of 556^ Fahrenheit ; and on applying the flame of a 
spirit lamp to the tube, it pr^uced no action till the tube be- 
gan to soften* 

5thly. Muriatic acid gas, mixed with half its volume of oxy- 
gen, b^n to be acted upon at 250^ Fahrenheit. Water was 
evident^ formed ; and the disengaged dilorine, acting upon 
the mercurial vapour in the tube, formed calomel, which was 
4;ondemed, and coated its inner surface. 

Gtbly. Ammoniacal gas, mixed with an equal volume of oxy- 
gen, showed a commencement of decomposition at 380^ Fah- 
renheit. Water was also in this case distinctly generated ; 
and at the close of the experiment nothing remained in the 
tube but nitrogen and the redundant oxygen. 

I proceeded, in the next place, to examine the agency of 
finely^ivided platinum at high temperatures, on those mix- 
tures of gases, which are either not decompose, or are slowly 
decomposed, at the temperature of the atmosphere. 

When carbonic oxide and hydrogen gases, m equal volumes, 
mixed with oxygen sufficient to saturate only one of them, 
were placed in contact with the sponge, and gradually heated 
in a mercurial bath, the mixture ceased to^ expand between 
300^ and 310^ Fahrenheit, and soon began to diininish in vo- 
lume. On raising the temperature to 340% and kerning it 
some time at that point, no further diminution was at length 
perceptible. From the quantity of carbonic acid remmnmg 
at the close of the experiment, it appeared that four-fifths of 
the oxygen had united with the carbonic oxide, and only one- 
fifth wim the hydrogen. When four volumes of hydrogen, 
4woof carbonic oxide, and one of oxygen, were similarly treat* 
ed, the hydrogen, notwithstanding its greater proportion vo- 
lume, was stul found to have taken only one-fifth of the oxy- 
gen, while four-rfiftfas had combined with the carbonic oxi^ 
These facts show that at temperatures, between 300^ and 
340^ Fahrenheit, the affinity of carbonic oxide fpr oxygen is 
decidedly superior to that of hydr^^l^ ; as, from the expmi-^ 
ments before described, appears to be the case, also^ at com- 
mon temperatures. 

Qut a similar distribution of oxygen, between carbonic oxide 
and hydrogen, does not taka pface^ .when those three gases 
apeftred toge^r by the.elef^^ Tlss will appear from 
the following talde, in which ;tha tiuee first coluiiins show the 
quantitiea ofgasestbat weisejfired, and the two' last, theqpian- 
tlti^ oS oxygSi that wepe foujid.to have united with ffie car- 
bonic oxide and with the hydrogen. 


Exp. 
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, Before Firing. After Firing. 

Meastire of Measure of Measure of Oaygen to Oxygen to 
Carb. Oxide. Hydrogen. Oxygen, Garb. Oxide. Hydrogen. 
Exp. 1. 4?0 • • • iO • • • §0 (j • • • 14 

2. 40 ... 20s ... 20 * 12 . . . 8 

S. 20 ... 40 ... 20 5 ... 15 

When equal volumes of carbonic oxide and hydrogen gases^ 
mixed with oxygen sufficient to saturate only one of tiietn, 
were exposed in a glass tube to the flame of a spirit lamp, with- 
out the presence of the sponge, till the tube began to soften, 
the combination of the gases was effected without explosicm, 
and was merely indicated by a diminution of* volume and an 
oscillatory motion of the mercury in the tube. At the close of 
the experiment, out of twenty volumes of oxygen, eight were 
found to have united with the carbonic oxide, and twelve with 
the hydrogen— proportions which do not materially differ from 
the results of the first experiment in the foregoing table. At 
high temperatures, then^ the attraction of hydrogen for oxygen 
appears to exceed that of carbonic oxide for oxygen : at lower 
temperatures, especially when the gases are in contact with the 
platinum spong^ the reverse takes place, and the affinity of 
carbonic oxide for oxygen prevails. 

Extending the comparison to the attraction of olefiant and 
hydromn gases for oxygen at a red heat, I found that when 
six volumes of olefiant, six of hydrogen, and three of oxy^n 
were heated by a spirit lamp till the tube softened, a silent 
combination took place as before ; all the oxygen was con- 
sumed, but only half a volume had been expenc^ in forming 
carbonic acid, which indicates the decomposition of only one 
quarter of a volume of olefiant gas. On attempting a similar 
comparison between carbonic oxide and olefiant gas, by heat- 
ing them with oxygen in the same proportions, the mixture ex- 
ploded as soon as the glass became red-hot, and burst the tul^ 

The property inherent in certain rases, of retarding the ac- 
tion of the platinum sponge, when ffiey are added to an ex- 
plosive mixture of oxygen and hydrogen, is most remarkable 
in those which possess the strongest attraction for oxygen ; 
and it is probably to the degree of this attraction, rather than 
to any agency arising out of their relations to caloric^ that 
we are to ascribe the various powers which the rases manifest 
in this remect^ This will appear from the foTlowing table, 
the first emmnnof which shows the number of volumes of each 
! to render one volume of an explosive mixture of 
Kydro^f and osfygra unmfiammable by me dischaige of a 
Leyden jar ; while the second column shows die number of 
volumes of each gas necessary in some cases to render otie 

volume 



hy Mcam of Doebereluer’s Eudiometer, 27D 

volume of an explosive mixture insensible to the action, of 
the sponge, and in other cases indicates the numbei* which 
may oe added without preventing immediate combination. In 
the first column, the numbers marked with an asterisk were 
determined by Sir Humphry Davy ; the remaining numbers 
in that column, and the whole of the second, are derived from 
my own experiments. 

1 vol. of Explosive Mixture was ren- Effect of addins the same gases 
dered incapable of being inflamed by to 1 vol. of Explosive Mixture 

electricity when mixed with on the action of the sponge. 

About 8 vol. of Hydrogen not prevented by many vol. 

6 Nitrogen ditto 

9 Oxygen not prevented by 10 vol. 

1 1 Niti'ousOxide ditto 

1'5 Cyanogen prevented by 1 vol. 

1 Carb^^ Hyd. not prevented by 10 vol. 

4 Carb®. Oxide prevented by J vol. 

0*5 Olefiant Gas prevented by 1*5 voL 

2 MuriaticAcid not prevented by 6 vol. 

2 Ammonia not prevented by 10 vol. 

3 CarbonicAcid ditto 

From the foregoing table it appears that carbonic oxide 
produces the greatest effect, in tlie smallest pro{K>rtion, to an 
explosive mixture of oxygen and hydrogen, in preventing the 
action of diose gases on each other, when exposed to the 
sponge at temperatures below the boiling point of mercury. 
In general those gases which either do not unite with oxy- 
gen, or unite with it only at high temperatures, have little ef- 
met in restraining the efficiency of the spon^. There is an 
apparent exception, however, in cyano^n, vmich it would re- 
quire more research than I have yet had time to devote to an 
object merely collateral, to reconcile it, if' it be capable of being 
reconciled, with the general principle. 

From the fact that carbonic oxide,' olefiant gas, and cnrbii- 
retted hydrogen, when brought to unite with oxygen by means 
of the platinum sponge, assisted by heat,« undergo this change 
at different temperatures, it seemed an obvious conclusion, 
that by exposing a mixture of those gases with each other and ' 
with oxygen to a regulated temfierature, the correct analysis, 
of such mixtures might probably be accomplished. Mixtures 
of two or mone of the combustible gases were therefore ex- 
posed, in contact with oa^geti gas and the platinum sponge, 
in tubes bent into die shape of retorts, which v^ei^ immersed 
in a mercurial bath. This bath was gradually he«fted to the 
required temperatures, and by proper management of the 
source of heat was prevented from rising above that degree. 

1st. 
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1st By subjecting 25 measures of carbonic oxide^ 15 of 
olefiant and 57 of oxygen, in contact with the sponge, to 
a heat imicb was not allowed to exceed 350^ Fahrenhm till 
the dimiiuxtion of volame ceased, all the carbonic oxide was 
converted into carbonic acid, and the olefiant gas remained in 
its ordinal volume. 

2n£ By exposing in a similar manner 20 measures of car- 
bonic oxtd^ 21 of carburettcd hydrogen, and 36 of oxygen, 
to a temperature below 400^ Fahrenheit, the carbonic oxide 
was entirely acidified ; and on washing out the carbonic acid 
by liquid potash, the carburetted hydrogen was found unalter- 
ed, mixed with the redundant oxygen. 

Srd. A mixture of 10 measures of olefiant gas, 10 of car- 
buretted hydrogen, and 58 of oxygen, being heated in contact 
with the sponge to 510^ Fahrenheit, the olefiaiit gas was si- 
lently but entirely changed into carbonic acid, while the car- 
buretted hydrogen was not at all acted upon. 

4th. By" acting with the sponge upon 42 measures of car- 
buretted hydrogen, 22 of carbonic oxide, 22 of hydrogen, and 
28 of oxygen, first at a temperature of 340® Fahrenheit, which 
was raised gradually to 480®, all the carbonic oxide was changed 
into carbonic acid, and all the hydrogen into water ; but tlie 
carburetted hydrogen remained undiminished in quantity, ^ 
and was found, after removing the carbonic acid, mixed only, 
with the redundant oxygen. In this experiment the dimi- 
nution of volume had continued some time before there was 
any perceptible formation of water, the attraction of carbonic 
oxide for oxygen appearing to prevail over that of hydrogen. 
The same precedency in the formation of carbonic ackl is al- 
ways apparent when carbonic oxide and hydrogen, mixed 
even with oxygen enough to saturate both gases, are raised to 
350® Fahrenheit 

By thus carefully regulating the temperatm*e of the mer- 
curial bath, the action of oxygen upon several gases (carbonic 
oxide, olefiant, and carburetted hydrc^en, for example,) may 
be to take place in succession ; and by removing the car- 

bonic acid formed at each operation, it may be ascertained 
how much of each of the two first gases has been decomposed. 
Tim carburetted hydrogen indeed always remains unchanged, 
and its mantity must be determined by firing it with oxygen 
by the electric spark.' If hydrogen aw be present, it is diffi- 
cub^ to prevent the olefiant gas irom being partially acted up- 
on;^ this is of little conseqimnee, as lii4d shown that itis 
eas^ to res&oirh Aat gas iii the first mstance by chlorine^' It 
may be remarked, that this method of opmrata^ on the aeri- 
form compounds of charcoal gives more accurate results than 



by Means of Doebereiner’s Eudiometer. 281 

rapid combustion the electric spark, being never attended 
with that precipitation of charcoal which is often observed 
when the gases are exploded with oxygen. A regulated tem- 
perature mso effects the analysis of such mixtures much more 
correctly than the action of the sponge or balls, because in the 
latter case the heat produced is uncertain ; and though some-* 
times adequate to the effect, yet there is always a risk that it 
may exceed or fall short of that degree which is required for 
the successful result of the analytic process. 


From the facts which have been stated, I derive a method of 
obtaining carburetted hydrogen gas perfectly free from ole- 
fiant gas, hydrogen, and carbonic oxide, and mixed only with 
a little oxygen, which, had it been necessary to my purpose, 
might also have been separated. The early product of the 
distillation of pit-coal was washed with a watery solution of 
chlorine, and afterwards with liquid potash, to remove a little 
chlorine that arose into the gas from the solution. The re- 
siduary gas was next heated with one-fourth of its volume of 
oxygen at the temperature of 350® Fahrenheit, in contact with 
the sponge, which converted the carbonic oxide into carbonic 
acid, and the hydrogen into water. The carbonic acid being 
removed by liquid potash, there remained only the carburetted 
hydrogen, the redundant oxygen, and a very minute quantity 
of nitrogen introduced by the latter gas. Hitherto I have 
prepared this gas only in a small quantity ; but it would be 
easy to extend the scale of the operation, and to remove the 
excess of oxygen by obvious methods. 

Section HI. 

Application of the Facts to the Analysis of Mixtures of the com-- 
bustible Gases in unknomon li-oportions. 

At an early period of the investigation described in the 
first section, 1 proceeded to apply the facts of which I was 
then possess^ to the analysis of a mixture of gases in unknown 
proportions. For this purpose 1 caused a quantity of gas to 
be collected from coal, by continuing the application of heat 
to the retorts two hours beyond the usual period apd receiving 
the gas into a separate vessel. Gas of mis quality was purr 
posely chosen, because from former experience, I expected it 
to contain free hydrogen^ carbcmic oxide, and carbjinretted hy- 
drogen, but no olefiant gas; the production of which is con- 
fined to the early stages of the progress. , After washing it 
therefore with liquid potash to remove a little carbonic acid, 
and ascertaining its specific gravity, when thus washed, to be 
. Vol. 65. No. 324?. April 1825. N n 308, 
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.808, I proceeded at once to subject it to tlie new method of 
anaWsis. 

Having ascertained by a previous experiment with Volta’s 
eudiometer that 10 volumes of the required for saturation 
9 volumes of oxygen, I mixed 43 measures with 43 of oxygen 
(=41 pure), and passed a platinum ball, which bad been re- 
cently heated, into the mixture. An immediate diminution of 
volume took place, attended with a production of heat and 
formation of moisture. The residuary gas, cooled to the tem- 
perature of the atmosphere, measured 43*5 volumes. Of 
these, 4*5 were absorbed by liquid potash, indicating 4*5 car- 
bonic acid, equivalent to 4*5 carbonic oxide t the rest, being 
fired in a Volta’s eudiometer, with an additional quantity of 
oxygen, gave 11 volumes of carbonic acid; the aiminution 
being 22 volumes, and the oxygen consumed 22 also — circum- 
stances which prove that 1 1 volumes of carburetted hydrogen 
were consumea by this rapid combustion. But of the loss of 
volume first observed (viz. 86—43*5=42*5), 2*25 are due to 
the carbonic acid formed ; and deducting this from 42*5 we 
have 40*25, which are due to the oxygen and hydrogen, con- 
verted into water ; and 40*25 x f = 26*8 shows the hydrogen 
in the original gas. But the sum of these numbers (26*8 + 
4*5 1 1 ) being less by 0*7 than the volume of gas submitted 

to analysis, we may safely consider that fraction of a measure 
to have been nitrogen. The composition then of the mixture 
will stand in volumes as follows : 


Hydrogen 

. 26-8 

62-32 

Carbonic oxide .•••.. 

. 4*5 

10*50 

Carburetted hydrogen . . . 

. 11-0 

25-56 

Nitrogen 

. 07 

1-62 


43*0 

100*0 


On calculating what should be the specific gravity of a 
mixture of gases in the above proportions, it was found to be 
303 ; which coincides as nearly as can be expected with the 
actual specific gravity of the gas submitted to analysis, viz. 
308. To place the correctness of the results beyond question, 
1 mingled the gases in the above proportions, and acted on 
the artificial mixture in the same manner as on the original 
gas ; when I had the satisfaction to find that the analytical pro- 
cess again gave the true volumes with the most perfect cor- 
rectness for the hydrogen and carbonic oxide, and within the 
fraction of a measure for the carburetted hydrogen. Notwitli- 
standing' this sttccessfiil result, which < was twice obtained, I 
should stUr prefer, for the reason which has been stated, hav- 
ing recourse to a temperature carefully regulated, for the ana- 
lysis of similar mixtures, in all cases where the hydrogen is in 

' moderate 
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moderate proportion, and where great accuracy is desirable. 
Whenever (it may again be remarked) olefiant gas is present 
in a mixture, it should always be removed by chlorine before 
proceeding to expose the mixture to the agency of the spongy 
metal. 

It can scarcely be necessary to enter into further details re- 
specting methods of analysis, the application of which to par- 
ticular cases must be sufiiciendy obvious from the experiments 
which have been described on artificial mixtures. The ap- 
paratus required is extremely simple, consisting, when the balls 
are employed, of graduated tubes of a diameter between 0*3 and 
0*6 an inch, or, when an increased temperature is used, of 
tubes bent into the shape of retorts, oi a diametei^ varying with 
the quantity of gas to be submitted to experiment, which may 
be from half a cubic inch to a cubic inch or more. These when 
in use may be immersed in a small iron cistern containing 
mercury, and provided with a cover in which are two holes, 
one for the tube and the other for the stem of a thermometer, 
the degrees of which are best engraved on the glass. 

By means of these improved modes of analysis, I have al- 
ready obtained some interesting illustrations of the nature of 
the gases from coal and from oil. I reserve, however, the 
communication of them till 1 have had an opportunity pf pur- 
suing the inquiry to a greater extent, and especially of satis- 
fying myself respecting the exact nature of the compound of 
charcoal and hydrogen, discovered some years ago by Mr.Dal- 
ton, in oil gas and coal gas, which agrees with olefiant gas in 
being condensible by chlorine, but differs from it in affording 
more carbonic acid and consuming more oxygen. 


XLV. Remarks respecting M/% Vanuxem's Memoir oti a Fused 
Product^ erroneously identified uoith the Fused Carbon of 
Professor Silliman ; mth some additional Facts and Obser- 
vations,* By Dr. Robert Hare* 

To Alexander Tilloch and R, Taylor^ Esqs, Editors of the 
Philosophical Magazine and Journal. 

Gentlemen, 

I^BSER VING that a memoir by Professor Vanuxem, found- 
ed on an unlucky mistake, has been re-{)ublished in your 
Magazine (vol. litiv. p. 467), 1 beg that in justice to Prof. Silli- 
man you will, at as early a period as possible, allow the remarks 

* Publuhed in the Philadelphia Medical Journal, and Silliman’s Journal 
ip the summer of 18^4, , 

N 11 2 which 
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which I have made in reply to that memoir to appear before 
the public in the same channel. I inclose in this letter a copy 
of tnem. I am, gentlemen, respectfully yours, &c. 

. Philadelphia, March 15, 1825. Robert Hare. 

Professor Silliman, about two years ago^ published an ac- 
count of some phsenomena observed during the ignition of 
pieces of charcoal by a galvanic deflagrator, me poles of which 
they had been severally employed to terminate. On the char- 
coal attached to the positive pole a projection was observed 
to ensue — ^in the other, a corresponding concavity. The pro- 
jection he supposed to consist ot carbon, fused, volatilized, and 
transferred from the charcoal of the opposite pole, where the 
concavity was discovered. 

In a late number of the Journal of the Academy of Natural 
Sciences of Philadelphia, Mr. Lardner Vanuxem communi- 
cates his observations on a supposed specimen of fused char- 
coal, sent to Professor Cooper by Dr. Macneven of New York, 
which appears to have been iron— and the author appears to 
have received, and evidently intends to convey, the impression, 
that the substances consiaered as fused or volatilized carbon 
by Professor Silliman must have been similarly constituted. 

. Mr. Vanuxem, speaking of the mass whicn he has exa-. 
mined, informs us, that — ‘‘ It consisted of one large and one 
small globule, connected together by a thread, or thin bar, of 
the same material, and resembled a double-headed shot.” 

And again be says: — ** It was then put into an agate mor- 
tar, pressed and struck with considerable force — finding it 

S ‘elded without breaking, and observing that it received a po- 
sh, it was examined and found to resemble iron. To con- 
firm the analogy, it was next tried with a file, which acted 
upon it as it would on soft steel or iron — ^afler tliis it was sub- 
jected to a magnet, to which it readily attached itself — ^and 
lastly, with a hammer : by its great malleability, conjoined with 
the characters just mentioned, it proved its identity with iron.” 

He moreover states, that the substance in question was at- 
tacked by nitric acid, and afterwards was chiefly taken up by 
muriatic acid, whence an hydrated perexide of iron was pre- 
cipitated by ammonia. 

On reading this account of the substance examined by 
Ml*- Vanuxem, it was evident to me tliat it had not, the slightest 
resemblance to those which Professor Silliman had described 
as fused carbon.* A product which I had myself obtained, 
and which corresponded perfectly with his description, had 
been preserved in a glass tube. This substance crumbled 
when subjected to pressure — acquired no polish by hammering 

or 
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or filing — was uttqrly devoid of attraction for tlie magnet — 
was not acted upon by nitric acid — ^nor did muriatic acid, 
which had been digested on it, yield any oxide of iron, or give 
aiY other indication of that metal. 

These observations were made by my friend Mr. G.T. Bowen, 
under my inspection. Mr*. Bowen assisted Professor Silliman 
at the time when he first made his observations on the fusion 
of carbon. On perusing Mr. Vanuxem’s memoir, Mr. Bowen 
was no less convinced than myself that there had been a mis- 
take, which, considered as the foundation of abroad and un- 
reserved, though indirect, contradiction given to Professor 
Silliman’s representations, is really unfortunate. 

I do not feel authorised to decide whether the substance 
analysed by Mr. Vanuxem was that which Dr. Macneven for- 
warded. By oversight^ one minute portion of matter may be 
exchanged for another as easily as mistaken — but supposing 
that die mistake originated with Dr. Macneven, it should be 
recollected that he md not act under the idea of any serious 
responsibility. He was wTiting to a friend, not controverting 
the conclusions of a skilful chemist. 

It was in January last that Dr. Macneven first operated with 
a deflagrator, I then sent him the first be ever had. Not- 
withstanding his well-known accuracy, in cases where his op- 
portunities of observation are duly great, it is not unaccount- 
able that amid the hurry of his lectures and his practice he 
should have mistaken a globule of iron for a specimen of fused 
carbon. But considering Professor Silliman’s great experience 
and skill as a mineralogist and chemist, and his having ope- 
rated with the deflagrator for nearly a year before his memoir 
on the fusion of charcoal was publisheu, it ought not to have 
been so readily supposed that in scrutinizing the substances 
which he had obtamed, with a view to communicate the re- 
skdt to the 'public^ any advantageous employment.of the magnet, 
the hammer, the file, or the mineral acids, had been omitted^. 

It is true, as Mr. Vanuxem observes, that the incineration 
of charcoal proves it to contain impurities— but those impuri- 

* It appears from Professor Silltman’s itiemoir (vol. v. p. .363, American 
Journal of l^ience), that he did en^oy* boiling sulphuric and boiling nitric 
acid; and moreover, it is evident tnat^ the products which he represented 
as fused carbon could not have been iron, both on account of their habi- 
tudes with these acids, and on account of their ‘disappearance when sub- 
jected to the solar fociis in Ocygen gsa* ' Of course no ** adtaniageous ** ap- 
plication of the magnet could have been made. In examining the globules 
produced upon'|»lumbago, when exposed to the deflagrator, it will be found 
that Professor Silliman did resort to the magnet. Iron being a constituent 
of plumbago, it was in that case rational to expect that the globules might 
be magncuc. The magnet was also ^ployed by him in testing the globules 
procured from anthracite, by means of the deflagrator. 
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ties are wSll known to be earth or alkali, with a very minute 
portion of iron, if any. These facts, Uius cited by him, are 
therefore irreconcilable with his inference, that a piece of char- 
coal of about an inch in length, and less than a quarter of an 
inch in thickness, could, instantaneously, at its point, form a 
prmection of matter almost solely ferruginous. 

I will take this opportunity of observing, that the most in- 
teresting phenomena observed by Professor Silliman do not 
to me appear to be dependent for their importance on the na- 
ture of the projection which arises on carbon when forming 
the negative pole of the deflagrator. That such an excres- 
cence arises, and that a corresponding crater or pit takes 
place in the charcoal on the opposite pme, are the facts which 
principally interest me. 

I should have done more to prepare myself for the solution 
of the doubts which have been excited respecting some of the 
observations of Professor Silliman, had not my eyes been so 
much affected by a powerful deflagrator, made about two years 
ago, as to be distressed by any subsequent employment of them 
in the same way. 

From a cursory observation made last winter, I was led to 
suppose the light of the deflagrator to be equal to that of six- 
teen hundred candle flames, condensed within a space no larger 
than that usually occupied by one. 

Since the above was written, in trying a deflagrator made 
for Professor Nott, the operator had his eyes so much affected 
as to be bloodshot next day"^. 

By means of the same deflagrator a i^ecimen of the fused or 
volatilized charcoal was obtained. This did not prove to be 
magnetic. Instead of being malleable, or susceptible of a me- 
tallic polish, it was friable, and the fragments were without 
brilliancy. Seen by the aid of a powerful microscope, before 
it was broken, it was, both in colour and shape, exactly like 
the depositions or concretions of carbon, which have been 
formed in some instances during the gas-light process. 

P. S. It is remarkable that, since the observation last men- 
tioned was made, I have found that Mr. Conybeare, in some 
speculations on the concretions of carbon, noticed in gas-light 
cylinders, infers, that they may have some analogy with me 
products described by Professor Silliman as fused carbon. 

* I have conadered it proper to dwell on the injury thus sustained by 
the eyes, that others may by due caution, in the first instance, avoid the 
evil. The deepest green spectacles ^ould be used, putting two glasses to- 
gether, when one is not enough. Persons not provided with proper spec- 
tacles may use a piece of card, or paper, pierced with some fine hol^s. 
Through a hole made by a pin the phenomena may be viewed satisfac- 
torily. 
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XLVI. On Plans in Relief. By A Correspondent. 

To the Editor of the Philosophical Magazine and Journal. 

Sir, 

CUCH of your readers as have seen the plan of the “ Swiss 
^ Mountains” in relief, with a similar plan of the city of 
“ Edinburgh,” will readily admit their interest as a matter of 
taste, and their political and geological value. The Pyra- 
mids ” with the sphynx and neighbouring countiy may be 
seen in the royal libraiy at Pai^s; and I believe that a plan 
of Gibraltar” in relief has been executed with great minute- 
ness. Evelyn, the author of the Sylva, mentions in an early 
part of the Philosophical Transactions that he saw similar 
plans on the continent, and particularizes an island which 
gave him great satisfaction. 

The want of such plans has been felt in the original pro- 
jection of important drainages, roads, canals, rail-ways, and all 
other works depending upon levels. Shading and sectiofis are 
imperfect substitutes ; and an actual plan in relief, except of a 
mountainous country, is almost useless from the small propor- 
tion which the elevations bear to the horizontal plane. But 
why should not plans in relief be formed, such that the alti- 
tude of any point above the horizontal plane shall always be 
increased in a yfrcd ratio to the b^ue altitude ? If the altitude, 
for instance, be increased (w) times, it will in all parts of the 
plan bear this fixed prcmortion to the base line, and will truly 
exhibit the direction of the inclination, and its comparative 
magnitude. No ordinary map whatever is mathematically 
true ; when the lines in longitude are correct, the latitudinal 
distances must be incorrect, and conversely ; the various pro- 
jections have always been formed on some conventional prin- 
ciple, never accurately exhibiting the true horizontal distance. 

To the artist I leave the mode of multiplying such plans 
in plaster, copper, or otherwise ; and the contrivances neces- 
sary for forming a series into a volume, folded up like a back- 
gammon board. 

Septimus. 


XLVII. On the Locality of Rain. By Mr. James Stockton. 
To the Editot' of the Philosophical Magazine and Journal. 
Sir, 

TN Dr. Burney’s valuable inserted in your last Maga- 
zine, relative to the great difference of rain caught at different 
places in the British isles, he makes mention of this place, and 

states 
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states the annual quantity falling here at 40 inches* As the 
last three 'years have been excessively ivet, the learned Doctor 
may have probably imagined from the perusal of my reports for 
those periods, that our average quantity for a longer consecu- 
tive series of years is equal to this amount. I respectfully beg 
leave to request your insertion of the foUowing, which are ex- 
tracted from the commencement of the Meteorological Register, 
to the close of 1824. 

Inches. Inches. Inches. 

Amount of rain in 1817, 28*02. ..1818, 32*47. ..1819, 30*85 

1820, 29-43...1821, 28*96. ..1822, 36*10 

— 1823, 42-40...1824, 36*74...Mean 33*121 

The situation of this place ought also to be taken into 
account Standing, for tne greater part in a valley, and the 
other on a gentle acclivitv, and each bordering on the river 
Derwent, which is bounded by the Yorkshire wolds from 
east to south, and by the moors and the German Ocean from 
west to north, with the numerous and thickly-wooded planta- 
tions, &c. at Castle-Howard, the seat of the Earl of Carlisle, 
about five miles distance to the south and south-west of the 
town, the difference in the above annual amounts will not 
excite so much surprise as might at die first view be ima- 
gined. 

Mr. Howard remarks in his Climate of London (vol. ii. 
tab. 71 ) : In travelling at different intervals during this mpnth 
(July) between London and Folkestone, I have obsei*ved that 
the showers, in great measure, avoided the high chalky tracts, 
and followed the course of the rivers and moist valleys. The 
reverse distribution sometimes takes place.’’ 

During the last eight, and several preceding years, in 
nearly all seasons, but more especially in the rainy periods of 
that of the estival, 1 have frequently made the same observa- 
tion. Whenever the thunder and other storms followed the 
course of the Derwent through the valleys adjoining, and 
were unattracted bv the woods, &c. at Castle-Howard, we uni- 
formly experienced a more than plentiful precipitation ; but 
when the reverse occurred, and the clouas composing the 
storm separated and took different directions, from south to east 
and west to north, we almost invariably escaped the showers. 

In mentioning the above, Dr. Burney’s observations as to 
the diminution of the bulk of rain at New Malton, compared 
with that at Kendal, appear to me to be more strikingly con- 
firmed. I am, sir, yours, &c. 

New Malton, April 19, 1825. Jas. Stockton. 
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XLVIIL On nM Terms in Geometry, By Mr* M. Smith. 
To the Editor of the Philosophical Magazine and Journal* 
Sir, 

T HAVE loii^ thought that, one great impediment to the 
study of Solid. Geometry consists in the defective state of 
the present nomenclature adopted in that branch of the science, 
lliis maybe exernjilified in the fact that several of the most sim- 
ple figures have no names whatever allotted to them, and can 
therefore onh' be expressed by a circumlocution ; such for in- 
stance is the ngure of a brick, a box, or an apartment of a house, 
which, as the nomenclature now stands, can only be described as 
a rectangidar parallelopiped* Now as the six planes which 
bound this figure are ail rectangles, I would propose simply 
to call it a rectagon* Again, as a rectagoii all the sides of which 
are squares is denominated a cube, I propose that where two 
opposite sides (only) are squares, it should be called a cuboid : 
and this may be denominated oblong or oblate, according as 
the inscribed spheroid is oblong or oblate. 

Aiiotliei* figure much used in Spherics is that which bears the 
same analogy (though not the same proportion) to the sphere 
as the quadrant does to, the circle, — perhaps the term sphe-^ 
rant would well apply : it might be defined tlie eighth part of 
a sphere, produced by the intersection of three planes at right 
angles witli each other passing through the centre of the sphere. 
For the convenience of expressing the area of spherical tri- 
angles, or other portions of a spherical surface, I would pro- 
pose to divide the curve surface of the spherant into 90, 5400, 
and 324000 equal parts, to each of which divisions appropri- 
ate names should be given. The advantage of this would be, 
that in any spherical triangle the excess of the three angles 
above 180 degrees would be the measure of the area, merely 
changing the terms degrees, minutes, and seconds into the 
new terms. By this arrangement the measure of solid angles 
might also be expressed with much facility. 

^rhose geometrical figures which bear the same relation to 
the sphere as the sector and segment do to the circle, ought 
also to be furnished with names : the term sphericon would 
perhaps aptly designate the former, which is in fact formed by 
a sphere and a cone ; for the latter, no name at present occurs 
to me with which I am quite satisfied. 

In Astronomy also some new terms might be advantageously 
applied, — such as zenitude for zenith distance ; and I would also 

S ose that- in stating the azimuth of any celestial body, it 
^ t be denominated NE., NW., SE., or SW., according to 
the cardinal points between which it may be situated. Tnus 
Vol. 65. No. 324. April O o instead 
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instead of saying azimuth S. 4«7® 20' E. as is usually done, I 
would express it thus, azimuth 4*7® 20' SE. 

While on the subject of Astronomy, let me notice the strange 
anomaly that one planet of the solar system should have a 
name which does not harmonize with those of the others, all 
of which are taken from the heathen mythology; the conse- 
quence is, that it is named differently by different authors, be- 
ing called in turn the Georgium Sidus, the Georgian, Uranus, 
and Herschel. Now as this planet was a British discovery, 
and made at a period when the naval achievements of England 
might justly entitle her to assume that the god of the ocean 
presided over her destiny, ought she not with gratitude believe 
that the deity, which then for the first time revealed himself 
to her admiration, could be no other than Neptune? Should 
this name be thought appropriate, tlie astronomical character 
of the planet might be made to resemble that of Mars, merely 
substituting the trident for the spear. 

I have thrown out these few hints sir, in the hope, that the 
subject will attract the notice of some abler pen, or that it will 
be taken up by some scientific body of men, whose authority 
would ensure currency to such new terms as they might de- 
cide upon. 

I am, sir, yours, &c. 

April 25, 1825. M. SmitH. 


XLIX. M7\ Sturgeon on the Cause of the Earth? s Motion : 
in reply to Mr, Bevan. 

'l^E have received a communication from Mr. Sturgeon, 
* ~ relative to Mr. Bevan’s letter in our last, from whidi we 
give an extract. 

I feel no astonishment at the similarity of opinion enter- 
tained by Mr. W. Herapath and myself respecting the cause 
of the rotary motion of the earth ; for the same idea has struck 
several gentlemen to whom I have exhibited electro-magnetic 
experiments. 

Priority of opinion would at all times be a difficult task to 
discover ; but for priority in the support of opinion, when ac- 
complished by the test of successml experiment, I presume 
that Mr. W. Heraj)ath’s friend cannot in the present case 
put in any just claim. If, however, a more early date than 
that of my last paper, which I consider satisfactory on the 
subject, be required, I must refer those gentlemen to another, 
dated Feb. 16th, 1824, in the postscript of which will be 
found something relative to my rotating sphere. I am not 
aware that any such experiments have yet been accomplished 
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by Mr. Herapati) ; neither have I any reason to believe, that 
niy attempt to rotate either the Galvanic Spliere, or the Mag- 
net on its axis by the influence of two electric currents, could 
have proved successful, had I entertained the views of the 
principles of electro-magnetism which he appears to hold.” 


L. Notices respecting New Books. 

An Explanatory Dictionary of the Apparatus and Instruments 
employed in the various Operations of Philosophical and Ex- 
perimental Chemistry. With 1'7 (Quarto Copper Plates. By 
a Practical Chemist. London, 1824*. 8vo. 

^I^HIS is the first work of the kind that has yet appeared, 
^ and as such is perhaps as complete as could have been ex- 
pected. It includes descriptions of some obsolete and nearly 
useless apparatus, and omits a few others which are important; 
but on die whole is calculated to be a very useful laboratory 
companion. The plates are very good. We hope soon to see 
a second edition ; when we doubt not the author will take the 
opportunity of rendering his work more complete, and thereby 
still more acceptable than at present to students who desire to 
become practical chemists.” 

A Popular Explanation of the Elements and General Laws of 
Chemistry. By Walter Weldon. London, 1825. 8vo. 
This work, we are informed in the prelace, is intended to 
present a general view of the laws and principal pheenomena 
of chemistry, for the use of “ the laborious mechanic, the ama- 
teur, and the female reader,” who, in their study of chemistry 
(having other professions to pursue or other avocations to fol- 
low), are unable, or unwilling, to spend much time and labour 
in the acquisition of a general Knowledge of the science, to them, 
for the most part, more ornamental or amusing than useful. 

For this purpose Mr. Weldon has incluo^ in his work 
such a detail ot facts, he states, as is sufficient to exemplify 
and explain the principles of the science, using the most ex- 
plicit and popular terms, avoiding mathematical, and, as far as 
possible, complex arithmetical cmculations, and controversial 
points. . ^ 

The work is altogether a compilation, and contains no ori- 
ginal views that require notice. We do not find in it anv ex- 
planaddns of chemical phenomena that are particularly lumi- 
nous ; but, on the other hand, we have not met with any se- 
rious errors : we think the work may be useful to those for 
whose perusal it is intended. 

, . O o 2 Lunar 
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Lunar and Horary Tables for nevo and concise Methods of per-- 
forming the Calctdations fiecessary for ascertaining the Lon- 
gitude by Lunar Observations or Chronometers; mth an 
Appendix^ containing directions for acquiring a knowledge 
of the principal Fixed Stars. By David Thomson, inventor 
of the Longitude Scale. — Kingsbury & Co. London ; Oliver 
and Boyd, Edinburgh. Price 10^. 

These Tables for clearing the lunar distances from the ef- 
fects of parallax and refraction, are designed to facilitate the 
computations necessary for ascertaining the longitude; and they 
certainly appear to us to be better adapted to that object than 
any of the various methods with which we are acquainted : 
they are at once concise and simple ; little is left to the know- 
ledge or discretion of the calculator ; every thing is ready 
performed to his hand; neither too much is given nor too 
little ; — and, what is of some importance, all contained within 
a thin octavo volume, at the price of ten shillings, — so that 
it will come witfiin the reach of seamen in general. One 
particular excellence, which is seldom to be met with in me- 
thods founded on the same principle, and which must be highly 
approved by navigators, is, that there is no distinction of cases^ 
-—all the corrections on account of parallax and refraction 
are additive. We have not been able to enter into a detailed 
investigation of the tables, nor has the author stated the prin- 
ciples of their construction and application. 

Prof. Schumacher, with a laudable zeal for the promotion of 
science and its application to objects of utility, has in his Ephe- 
meris extended our means of comparison by inserting the 
distances of the different planets from the moon ; and we think 
it important that no encouragement should be wanting to in- 
duce the navigator on all occasions to practise the lunar ob- 
servations as me best, because the only cer tain means of ascer- 
taining the place of his ship : any method which diminishes 
the number of mechanical operations requisite to be performed 
in the reduction of ah observation, without the sacrifice of sim- 
plicity will be extremely serviceable towards bringing this 
much neglected method into more general practice at sea. 

Recently published. 

Memoirs of Moses Mendelsohn, the Jewish Philosopher ; 
including the celebrated correspondence on the Christian Re- 
ligion with J. C. Lavater, Minister of Zurich. By M. Samuels. 
Loitonan and Co. 

' The Century of Inventions of the Marquis of Worcester. 
From the original MS. With historical and explanatory Notes 
Und a Biographical Memoir. By Charles P. Partington. 
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COLLECTION OF NATURAL HISTORY. 

A valuable and interesting collection of insects and birds, 
'made and preserved with the greatest care by an eminent 
German entomologist, will be for sale at Mr. Thomas's, of 
King-street, Covent Garden, in the course of May. 

ANALYSIS OF PERIODICAL WORKS ON NATURAL HISTORY. 

Curtins Botanical Magazine. No. 4*55, 4?56, 457. 

(Continued from p. 52.) 

PI. ^531. Crinuni arenarium Coast of Australia, and isles adjacent.— 
Pergularia mnguinolenta “ foliis ovato-lanceolatis glaberrimis petiolatis, 
cymis multifloris folio brcviorilnis, corollai laciniis acuininatis obtusis, sncco 
sanguineo.” — HamclUi patem.-^Cyrlantlim siriatus. Paliurus virgatus^Dow 
Prodr. FI. Nepcd. — Clerodendnun macroph^Uum ‘‘ foliis lato-ovatis ariinii- 
nutis scrratis subscssilibtis subtus toinentosis, floribus paniculatis, calycibus 
5-dentatis, corollis labiatis.** 

PI. ^ 537 . Zephyranthes rosea. Mr. Herbert corrects his generic character 
given in the Botanical Register, stating that the flowers are suberect, but 
not vertical, as there stated. — Pancratium Zeylanicttm : this genus is here 
limited to the true congeners of mnritimtnny on which it was founded, in 
Eiirm)e, Asia, and Africa. Some animadversions are also made on the editor of 
the Botanical Register, who has not adopted the genera Carpodetes, Lepe* 
riza, and Stenomesson proposed in the Appendix of Bot. Mag., but com- 
prehended them in a new genus, Chrysophiala. under which name he has 
^\xxe^dJiavmn{Pam'ratmmoi Ruiz and Pa von — Gloriosa vircscens “foliis 
cirrhiferis, pediinculis pendulis, petalis unguiculatis apice undulatis.” The 
plant described by Lamarck as a doubtful variety of G. i>npcrba is said to 
answer very well to this subject, which is from Mosambique, the other from 
Senegp\.-^Goodyera pubescens /3. minor. It differs from » in size only, ex- 
cept that the leaves are less oblong, and with more obscure markings. — 
Lavatera hispida.--- Phtomis lunarifolia M. Lagasca considers this as a 
distinct species, and proposes to name it after Dr. Russell, wl\o has figured 
it in his history of Aleppo.— Caladium bicolor ; given here by mistake, having 
alread^y been figured in this work under its former name, Aruf?i, from which 
genus it has been separated by Ventenat,— A/o/ra abutiloides. 

PI. 2545. Arisiolochia labiosa. — SoUdago lanceolatay now first figured from 
a plant compared with the specimens in the Banksian herbarium.— 
pyracanthum /3. Duval, in his Monograpb,reitiarks that the jieduncles and 
calyxes are sometimes very thorny, and sometimes are quite without thorns: 
in this figure these parts are unarmed. — Scutellaria attissima: stated to be 
rather a biennial tnan a perennial by Mr. Denson, curator of the botanic 
garden at Bury St. Edmond’s, whence the ^echnen was received.— jBc/v. 
berts aristata : ** Although we wish that DcCandoIle had been contented 
with the name of ChitrU, given to this species by its discoverer Dr. HamiL 
ton (late Buchanan); yet as that name nad not then been published, the 
learned Professor was at liberty to apply one that seemed to him more ap- 
propriate, and aristata bein^ the first jiublishcd name ought to have been 
adopted by succeeding writers ; we hope, therefore, that wc shall lessen 
talher than increase confusion by preferring it ; especially as the Systciua 
Naturalis Regni .Vegetabilis is a work that cannot fail to be found in the 
hands of every botanist, and to be considered of the first autliority. Of 
this inestimable work only 2 volumes have ns yet appeared, and it is at pre- 
sent suspended, to give way to the Prodromus, the nature of which allows 
of its being carried on with greater rapidity. And if it happen that the 

great 
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great wor|L should not be resumed, these volumes will bear ample testimony 
to the industry, learning, and botanical skill of the author.’* — Lobelia Tupa. 
**T^liis jfdant d^ers altogether from our L, ^antea^ the T upa of the Hor- 
tus Kewensis.” 

Curtins British Entomology. Nos. 15 and 16. 

PI. 59. Cossonue Tardily a new species discovered in Ireland, never be- 
fore noticed, and greatly exceeding in size the other species found in this 
country . ligniperday a fine variety of this well-known insect with 
its larva (celebrated amongst the Romans as a great delicacy) is here repre- 
sented.— Manicatum: this curious bee has been noticed by most 
authors; and we find very amusing and interesting accounts of it from the 
Rev. G. White’s Naturalist’s Calendar, as well as from the pen of the Rev. 
W. Kirby . — Dolichopeza splmcola , . a new genus of a nonclescrijit Tijyula^ 
found by the author in the New Forest . — Acilius cmereus: botn sexes of 
this fine insect, new to Britain, are ^ven in this plate . — Evpithesia Lina- 
riata: this pretty and rare little moth, although well known as an inhabi- 
tant of Britain, has never before been figured in any of our own works. — 
Hylotoma Stephensii, a new species of Tenthredot named after its first dis- 
coverer, who took it in Kent ; it was unknown to KJug, and Le Peletier Sf. 
Fargeau is only acquainted with it by Or. Leach’s description . — Helcomvza 
usttUatOt an insect new to Britain, named from the manuscript of M. Mei- 
gen. 

Zoological Journal. 

No. III. of this work contains An Inquiry into the natural affinities of the 
iMnxadjcBy by Mr. Swainson. — Sketches in Ornithology (on the Fatconidas), 
by Mr. Vigors. — Continuation of Mr. French’s second Essay on Instinct. 
—Continuation of Mr. Gray’s Monograph on the Cyprmdce, — Mr.Bennct's 
Translation of Chabrier on the Thorax and Flight oflnsects; and a descrip- 
tion of a new species of Buccinuniy by the same naturalist.— M. E. Geoffroy 
Saint-Hilaire on the vestiges of placental organization in Didclphie Virgini- 
ana,-- Mr. Gray on the Structure of Pholades , — and Descriptions of some 
rare, interesting, or hitherto uncharacteri/ed subjects of Zoology, by Mr. 
Vigors ; with plates by Mr, J, D. C. Sowerby.— Reviews of Zoological Works, 
Proceedings of Societies, &c, &c. 

Among the species described in the last article is a new and beauti- 
ful Parroquet, lately brought from the island of Toohooteterooha, in the 
Pacific Ocean, about a day’s sail from Otaheite ; and thus characterized 
by Mr. Vigors ; “ Psiitacula Ktthlii. P. fiavo-viridis, gutture, genis, pectore, 
abdomineque coccineis, crista occipitali, fasciaque abdominal i purpureis, 
rostro pedibusque rubris.” 

No. IV. (concluding the first volume) contains Some Remarks on the 
nomenclature of the GrpUina of MacLeay, with the characters of a new 
genus in that tribe, by the Rev. Mr. Kirby.— An Account of the unex- 
ampled devastations committed by Field-mice in the Forest of Dean, and 
in the New Forest, in the years 1813 and 1814, by the late Lord Glenber- 
vie. — Remarks on the devastation occasioned by the Hplotnui Abieiie in 
fir plantations, by Mr. W. S. MacLeay. — Observations on the British Ti- 
pulido!, together with descriptions of the British species of Culea and Ano- 
phelesy by Mr. Stephens. — Mr. Bell on a new species of Lizard.— Mr. Bur- 
chell on Malaconotus a/ro-comneta.— Mr. Swainson on some new birds 
from Australasia. — Mr.Broderip on the manners of the Toucan. — Continu- 
ation of Mr. Gray’s Monograph on the Cypreeid^e, — M. de Ferussac and 
Mr. G. B. Sowerby on Mikeria . — Descriptions of new subjects of Zoology, 
by Mr. Vigors. — Description of the Rimau-Dahan of Sumatra, a new species 
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ot Felu iliscovered by Sir T. S. Raffles ; by Dr. Horsfield. — Descriptions of 
soine new Brazilian species of the family of LaniadWy by Mr. Such,— De- 
scription of the VespertUio Pvgnusus, a new species recently discovered in 
Devonshire by Dr. Leach. — Notices of Zoological Books, &c, — Dr. Horse- 
fielci’s paper on the Rimau-Dahan, or, as M. Teniminck has denominated it, 
Fc/is Macrocflif:, is one of the most interesting articles in the number ; he 
gives the following specific character of the animal. “ Felis grisea, maculis 
nigris: humeralibus niaximis transversis; lateralibus obliquis subcoadunatis 
vel intervallis angiistioribus divisis plagis angiilatis rotundatisve rarius ocel- 
latis; Omnibus marginibiis ])ostcrioribus saturatioribus, lineis cervicc dor- 
soque summo duabiis parallelis : collo utrinque duabus superiore continua 
inferiore interrupta, pedibus validis, podiis amplis robustis, cauda longissima 
incrassata lanuginosa.** 


LI. Proceedings of Learned Societies. 

ROYAL SOCIETY. 

April reading was commenced of “ A Mono- 

-*• graph on Egyptian Mummies, with observa- 
tions on the Art of Embalming among the Ancient Egyptians 
by A. B. Granville, M.D. F.II.S. 

April 21. — The reading of Dr. Granville’s paper was con- 
tinued. 

April 28. — The reading of Dr. Granville’s paper was con- 
cluded. — 

THE L1NN-®AN SOCIETY. 

Marcli 15. — Read a paper from R. A. Salisbury, Esq. 
F.R.S., F.L.S., &c., on the Trichomanes elegans of Mr. Rudge’s 
Plantco Guiance. It appears that M. Bory de St. Vincent as- 
serts in the 6th vol. of the Dictionnaire classique d^Histoh'c 
Natnrelle, under the article Faugcii'e^ that Mr. Rudge’s plant, 
t. 35, is composed of two species of different geneia, one of 
which M. Bory proposes as a Peea^ and the other as consti- 
tuting a new genus, under the name of Hymenostachys. Mr. 
Salisbury how ever insists, that M. Bory’s assertions are devoid 
of any tbundation, and he attributes his criticisms to an igno- 
rance of the Latin language. In confirmation of this opinion, 
Mr. S. exhibited the specimen itself from which die figure bad 
been drawn, that he might afford occular demonstration, that it 
consisted of one individual. 

To corroborate this opinion, he adduces the testimony of 
Professor Hooker, who in his 52nd plate of his Exotic Flora^ 
refers to Mr. Rudge’s figure and gives a coloured one of T. c/e- 
gans the involucrum of which contained ripe capsules. 

The question being a matter of reference to the Society, 
the Vice President named Mr. Edward Forster, Mr. Bicheno, 
and Mr. Menzies to investigate the matter and report there- 
on in pursuance of a bye-law of the Society. 

April 
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ApriP5. — A valuable present of stuffed birds and fishes 
was received from Capt. King, collected by him in his late ex- 
pedition to explore the north-west coast of New Holland. 

The Committee appointed at the preceding meeting made 
their report relative to Mr. Salisbury’s paper on IVichomanes 
elegans ; and stated that the plant was represented to have 
been gathered in Guiana, by M. Marlin, and to have been 
purchased by Mr. Rudge. It belongs to the genus Trichoinanea 
of Smith. M. Bory asserts that the spike described as the ma- 
ture fructification, is of a totally different structure from the 
others, which are regarded as immature. It appears that Hooker 
did not doubt the fidelity of Mr. Rudge’s plant, though his 
own figure supports M. Bory’s opinion, inasmuch as the 
fronds there delineated differ from those in Mr. Rudge's figure. 

M." Poiret has described, and M. Desvcaux has both de- 
scribed and figured, the plant which corresponds with the 
fructification supposed to be mature. Weber and Mohr have 
also the same species. 

In the Banksian and Mr. Brown’s collection, were found 
several specimens of each of the two plants, alleged by the 
French author to be confounded, in all stages of fructification. 
In every instance the Committee Ibiind the barren frond of 
Mr. Rudge’s specimen combined with the fructification which 
he calls the young state; and as constantly the frond, figured' 
b}’ Hooker, with the spike which is said to be mature. 

The specimen itself was also subject to their inspection, and 
uj)on a minute examination of it, they were satisfied that it 
was composed of two individuals; They therefore reported that 
M. Bory appeared to them to be justified in his conclusions. 

It was added, that they thought it but justice to Mr. Biown 
to say, that Mr. Salisbury was correct in stating that M. Bory 
had fallen into the error of making Mr. Brown adopt Will- 
denow’s arrangement of the Ferns, whereas Mr. Brown’s work 
made its appearance in the same spring, but before Will- 
denow’s, and his arrangement is materially different. 

A further jmrtioii ot Dr. Hamilton’s Commentary on the 
Hortus Malaharicus was also read. 

April 19.- A continuation of the Rev. Messrs. Sheppard 
and Whittear’s paper on Norfolk and Sufi()lk birds was read. 


GEOLOGICAL SOCIETY. 

March 18. — The paper entitled “ Observations on the beds ‘ 
of clay, sand and, 'gravel, belonging to the red marl formation of 
the midland counties, and in the rocks from whkfh they are 
derived, by the Rev. James Yates, M.G.S. was concluded. 

In this communication Mr. Yates enters into some description 
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of rocks which are found in situ on the confines of Wales 
and Shropshire, in order to show that from the disintegration 
of these rocks, the clay, sand and gravel, of the red marl forma- 
tion have for the most part been derived. The first line of 
section which is particularly considered is near the river Dee 
and Vale Crucis; the second, a line drawn from Oswestry 
westward to Llansilen, which crosses within die space of five 
miles the basset edges of all the strata from the new red sand- 
stone to the slate. The author then Uikes a view of Uie rocks 
occurring in the direction of the road from Welchpool to 
Ludlow. The fourth district then noticed is the vicinity of 
Church Stretton. Mr. Yates then mentions some particulars 
of the rock near Bewdley and in the Clent Hills, and the 
neighbourhood of Dudley, and adds some remarks on the 
Bromsgrove Lickey, as supplementary to Professor Bucklaiid’s 
paper in the 5th volume of die Society's Transactions. 

The range of hills is also described which extends from 
N. W. to S.E. beside the course of the Coventry canal and the 
river Anker ; and lastly, a district in Leicestershire, a few miles 
E. from Hinckley, consisting of a coarse-grained crystalline 
greenstone. 

The author dien proceeds to show how the strata belonging 
to the older formations which he has described, may be viewed 
in connexion with the general physical structure of England ; 
and then points out from what various sources the beds of sand, 
clay and gravel, of the red marl formation, as well as the super- 
ficial debris which is strewed over the midland districts of 
England^ may have originated. Mr. Yates concludes with 
some remarks on the excavation of valleys, and on some opi- 
nions on that subject now generally received among English 
geologists from which he is inclined to differ. 

April 15. — A paper was read entitled, ‘*On a new species of 
Gyrogonite from the lower fresh-water formation at Whitecliff- 
bay in the Isle of Wight, with some account of tlie strata in 
which it occurs by Charles Lyell, Esq. Sec. G.S. 

Mr. Lyell describes this species of gyrogonite as very dis- 
tinct from the three species which have been found in France. 
The spiral valves form nine rings, each of which are ornar 
mented with a row of tubercles ; from which he has given it 
the name of Chara tubeicvlata. An account is given of the 
strata of the lower fresh-water formation at Whitecliff-bay in 
the Isle of Wight, in which this gyrogonite occurs very abun- 
dantly. They consist of beds of compact limestone alternating 
with whitish calcareous marls, and in most of them the casts 
or shells of various fresh-water uiiivi^lves are common. 

Gyrogonites appear not to have been noticed before in the 
Vol. 65. No. 32i«. April 1 $25. P p fresh 
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fresh-water strata on the east side of llic Isle of Wight. Tliose 
which have been noticed as abounding in the limestone of the 
lower fresh-water at Qarnet Bay are chiefly referable to the 
Ckara Medicaginula of the French authors; in that locality 
fossil stems accompany them whose structure is identical with 
tliat of some recent Charae, as for example C. hispida. 

The autlior concludes by observing, that fi’oiii the remark- 
able toughness of the integument of their seed-vessel, and 
f-om the large proportion of carbonate of lime which they con- 
tain in a living state, most of the Charae are peculiarly adapted 
for becoming fossil, and that they are accordkigly preserved in 
the recent marls in Scotland, both in a vegetable and a mine- 
ralized state, when the other aquatic plants which lived and 
died in the lakes with them are entirely deconqiosed, or can 
no longer be recognised. 

An extract of a letter was read from Jer. Van Rausselaer, 
Esq. on the discovery of the skeleton of a mastodon at New- 
York ; and of the tertiary formation in New Jersey. 

In tliis letter Mr. Rausselaer mentions that in a late expe- 
dition which he had made with some friends to examine the 
geology of the state of New Jersey, they had discovered, dis- 
interred, and afterwai’ds brought to New- York, the skeleton of 
a mastodon very nearly perfect. They also satisfied them^ 
selves that much of the region which lies between the Atlantic 
and the range of primitive mountains was referable to the 
tertiary formations, and that the secondary do not make their 
appearance for some hundreds of miles. 

A paper was read, entitled Account of a fossil crocodile 
recently discovered in the alum shale near Whitby by the 
Rev. George Young. 

Mr. Young describes the osteology of this fossil animal 
which has been deposited in the museum at Whitby, and of 
which a drawing accompanied this communication. Its length 
exceeds 14r feet, and when perfect must have reached 18. 

The author mentions that these are not the only remains of 
tlie crocodile which have been discovered near Whitby, al- 
tliough they had been generally confounded with those of the 
Plesiosaurus ; of which animal, however, as well as of three or 
four species of the Icthyosaurus^ undoubted remains occur in 
the alum shale of Whitby. 


^.ifOllTICULTUllAL SOCIETY. 

March 1 . — The following papers were read: On the cultiva- 
tion of the pine-apple ; by Mr. William Chartres, correspond- 
ing member of me Society. — A description of the vineries of 
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John Wright Hiilme, Esq.; by James Robert Gowen, Esq., 
F.H.S. — An account of a method of obtaining very early crops 
of the grape and fig; by the President. 

March 1 5. — The following papers were read : On the culti- 
vation of tlie Neapolitan violet ; by Mr. Thomas Ashworth, 
corresponding member of the Society. — Description of apeach- 
hou:se, and mode of training practised in it; by Mr. William 
Beattie, F.H.S. 

April 5. — His Majesty the King of France and His Impe- 
rial Highness the Archduke John of Austria were elected Fel- 
lq>vs of the Society. — The silver medal was presented to John 
Dickson, Esq., of Rio Janeiro, corresponding member ol the 
Society, for various important services rendered by him to 
the Society by the transmission of plants, and by assistance 
aiTorded to its collectors, &c. — The following papers were 
read : The result of experiments with lime, used in improv- 
ing the fruit-tree borders of an old garden ; by Mr. William 
Balfour, corresponding member of the Socie^. 

April 19. — His Royal Highness Frederic William Crown- 
Prince of Prussia was selected a Fellow of the Society ; and 
Rainaud Louis Desfontaines, M.D., Professor of Botany in 
the Museum of Natural History at Paris, was elected a fo- 
reign member in the room of M. Andr4 Thouin, deceased. — 
The following paper was read : On the cultivation of the pine- 
apple; by Mr. William Greenshields, C.M.H.S. 

ASTRONOMICAL SOCIETY. 

April 8. — A paper was read On the results of computa- 
tions on astronomical observations made at Paramatta, in New 
South Wales, under the direction of Sir Thomas Brisbane, 
K.C.B. ; and the application tlicreof to investigate the exact- 
ness of observations made in the northern hemisphere. By 
the Rev. John Brinkley, D.D. F.R.S. &c.'’ Anxious to throw 
some new light on the subject of the discordance between the 
north polar aistances of the principal fixed stars, as determined 
by Continental and English astronomers. Dr. Brinkley wrote 
to Sir Thomas Brisbane, to request His Excellency to make 
some observations at Paramatta. Sir Thomas immediately 
commenced the important labour ; — and on a scries of three 
months* observations, from November 1823 to February 1824*, 
communicated to this Society as well as to Dr. Brinkley, the 
Doctor has founded the computations and comparisons which 
are communicated in this paper. > 

The sum of the polar distances of a star observed in the 
two hemispheres ought to be exactljjr 180® if both are coiTe<^ly 
observed. Also, on the hypothesis that the mean refraction 
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is the silane in both - hemispheres, we have an opportunity of 
. ascertaining the united effects of refraction, instead of the dif- 
ference between the refraction of a star near the pole and of a 
circumpolar star remote therefrom. 

In regard to the distance between the north and south poles, 
by combining Dr. Brinkley’s observations with those of Sir 
Thomas Brisbane, the result is, that the mean of south 
polar distances deduced from 141 of his observations, and ap- 
plied to Dr. Brinkley’s north polar distances =179® 59' 58", 92 
or l",08 in defect. Dr. Brinkley’s refractions were applied to 
the southern observations, using the interior thermometer. 
The same mean, obtained by using Mr. Bessel’s nortli polar 
distances and computing by Mr. Bessel’s refractions {Astron. 
Fundam.\ using the exterior thermometer, is 180® 0' 1",72 or 
1",72 in excess. 

1 ®. Among the observations are some by reflection. These 
afford us the means of determining the zenith point, and 
thence the distance between the zenith and polar points, or 
the co-latitude. 

Co-latitude by Canopus 56® 1 1' 8", 63 

Sirius 9 ,16 

Fomalhaut 9 ,95 

Mean = 56 1 1 9 ,25 

Latitude = 33 48 50 ,75 

2®. The results of observations on 1)0/ A the solstices of 1822 
appear to show the latitude of Paramatta = 33® 48' 42". — 
(No. 37, £>ef’ Ast. Nachrichten.) 

The observations of the Dec. solstice of 1821 give the mean 
zenith distance of the solstitial point, Jan. 1 , 1 822, = 1 0® 2 1 ' 2", 23 
— (No. 20, Der Ast. Nach.) 

The mean obliquity of the ecliptic, 
taking the mean obliq. of Jan. 1, 1816, 

=23® 27' 49", 21 and secular diminution 
= 43" 

Latitude 33 48 49 ,29 

If we use Mr. Bessel’s obliquity =23® 27' 45",66 the lati- 
tude will be =33® 48' 47", 89. 

The result of all the observations shows that Dr. Brinkley’s 
constant of refraction (57",72) is as exact as can be desired, 
when tlie refractions are computed by the internal thermome- 
ter ; also that, when computed by the external thermometer, 
Mr. Bessel’s refractions require no correction worth notice. 

A communication was also read from Colonel Beaufoy, in- 
closing a series of observations of Jupiter’s satellites, at Bushey 
Heat^ near Stanmore, between April 1816 and December 
" |24 ; and another series of observations of solar and lunar 
* ‘ eclipses. 


^ = 23 27 47 ,06 
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eclipses, and occultations of stars by the Moon, occurring in 
the same interval of time, from 1816 to 1824 inclusive. The 
eclipses of Jupiter’s satellites are so recorded as to show the 
mean time at Bushey, mean time at Greenwich, and then the 
same as exhibited in the Nautical Almanac. The discrepances 
between the results of observation and the Nautical Almanac 
are in some cases very considerable. Even with regard to 
the first satellite, the differences sometimes exceed a minute 
and a half in time ; and with regard to the other satellites, the 
differences exceed 2, 3, 4, and in one case (July 15, 1818) 
seven minutes of time. In this case the discrepance is the same 
with respect to the Connaissarice des Terns. — The others the 
reporter has not had leisure to compare. 

The reading of Mr. Atkinson’s paper on refraction was also 
resumed and continued. 


ROYAL ACADEMY OF SCIENCES OF PARIS. 

Jan. 3, 1825. — M. Poisson was elected vice-president for the 
year ; and M. Chaptal, vice-president for the year preceding, 
entered upon his office as president for 1825. — M.de Humboldt 
communicated extractsfrom various letters he had received from 
Italy and America. — M. Pelletan, jun. read a note on the gal- 
vanic phenomena which he states to accompany acupunctura- 
tion. — M. Lacroix, in the name of a commission, made a re- 
port on the late M. Peyrard’s translation of Apollonius Per’- 
^ceiis : the Academy expressed its desire that the printing of 
this work should be facilitated, as well as of the translation of 
Euclid. — M. Hupuytren commenced reading a memoir on 
artificial a7ii. — Capt. Poncelet’s memoir, on vertical undershct 
wheels witli curved float-boards, was submitted to a com- 
mission. 

Jan. 1 0. — Professor Delille, of Montpellier, presented a me- 
moir on the danger of using mushrooms in cookery. — M. Du- 
meril made a report on a memoir on leeches, by MM. Pel- 
letier and Huzard, jun. [see p. 317.]: he also reported on 
M. de Ferussac’s memoir respecting the animal of the genus 
Af'gonauta. 

Jan. 17. — M. Magendie announced that he had ascertained 
the insensibility of the retina in a female on whom he ope- 
rated for cataract : the contact of an instrument with that or- 
gan did not produce any appreciable sensation : the patient 
recovered her sight immediately after the operation. — M. de 
Basterot read liis geological description of the tertiary district 
of the south-west of France, comprising some general remarks 
on fossil Mollusca. — M. Fodera announced that he should^ 
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shortly cqnimnnlcatc the results of his researches on muscu- 
lar contraction, on the action of various agents on the nervous 
system and on muscular fibre, and on the formation of white 
globules analogous to tlie white globules of tlie bloocL — 
Collin presented a memoir on the fermentation of sugar. 

Cauchy presented a new memoir on the integration of 
linear equations and on the vibrations of elastic rectangular 
plates. — M. Giron de Buzareingue read the first part of a 
memoir on the generation of animals. — M. Bailly communi- 
cated some statistic researches on intermittent fevers. 

Jan. Tlie Academy received a memoir, by M. Paul Co- 
quev^, on an experiment in acoustics, for discovering the mu- 
tual relation and the number of grave harmonic sounds pro- 
duced by die co-existence of two or more given sounds; and also 
a memoir from M. Richardot, officer of artillery, on an econo- 
mical method of erecting paratonnerres. — M. Raspail read 
an Essay towards a classification of the Graminece^ founded 
on the physiological stmly of the characters of this family. — 
M. Gaymard read some observations on the Biphores and 
on the Beroes. — M. Latreille communicated a notice respect- 
ing an insect of the genus Brac/iycems^ which is considered as 
a talisman by the females of the kingdom of Berta. — M. Las- 
sis read a note on the difference of opinion among physicians 
relative to the entire subject of epidemic disordei^s. 

Jan, 31.— The Academy received from Professor Briot, of 
Besam^on, two memoirs intended to compete jointly for the 
prize founded by M. de Monthyon : one, On a new forceps ; 
the other, entitled Considerations on the lachrymal ducts, their 
disorders, and the means of curing them.— M. Croyset, offi- 
cer of health at Cus, transmitted (for the same purpose) a box 
containing various instruments. — M. Morin, of Strasburg, 
presented two pamphlets : one. On oysters, and the means of 
keeping them fresh ; the other. On aerostation. — M. Voisard, 
of Metz, presented his researches on the determination of the 
fiinctions of two variables ; and Mr. S. Pugh, his considera- 
tions on caloric and on light. — M. Bose, in the name of a 
commission, made a favourable report on the second part of 
the History of Lichens by M. Delise. — M. Dumeril, in the 
name of a commission, made a report on the method of curing 
the Malformation of the anus. — M. Becquerel read some re- 
searches on the conducting power of the metals for electri- 
city.^ — M. Cauchy presented a memoir on a new kind of cal- 
culus resembling the infinitesimal calculus.— M. Colin read a 
memoir on the vinous fermentation. — M. Delapylaie com- 
menced the reading of a memoir on the Encomet of the French 
fishermen. 

Feb. 
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Feb. 7.— M. Olievier transmitted from Stockholm some the- 
orems relative to the theory of cog-wheels. 

M. Magendie communicated an observation confirming his 
view respecting the so-called olfactory nerve, that it is not the 
nerve of smell : this was, that a man in whom the anterior part 
of the brain and the olfactory nerve had been altered or de- 
stroyed, still retained the sense of smell. 

Feb. 14. — M. Bailly communicated several results of an in- 
vestigation in which he is engaged, for the purpose of deter- 
mining whether the births of males and of females indicate any 
coincidence with physical causes susceptible of being appre- 
ciated by our means of observation. He announced a detailed 
memoir on the subject. — M Dupetit-Thoiiars made a report 
on a botanical memoir by M. Raspail. — M. Cauchy commu- 
nicated a note on the calculus of remainders and on the defi- 
nite integrals. 

P"eb. 21. — M. Dumeril j)resenled, in the name of the author, 
some prophylactic and curative views on the yellow fever, ex- 
tracted from a memoir by M. Fourreau de Beaunegand on the 
physical and medical topography of Florence. — M. Latreille 
gave a verbal report relative to a memoir by M. Loiseleur 
Deslonchamps, on the means of obtaining several crops of silk 
in a year. — MM. Desfontaines and Mirbel made a favourable 
report on a memoir by M. Lamouroux relative to the geo^^ 
gmphy of hydrophytes : as did MM. Brongniart and Beudant 
on M. 'Basterot’s memoir respecting the geology of the terti- 
ary basin of the south of France. 

Feb. 28.— M. Opoix (who had invented a method of pre- 
serving butter fresh) announced that he had brought it to per- 
fection ; he presented a sealed vessel of butter six months old, 
and requested that itmight be examined : M. Deyeux was ap- 
pointed to this examination. — M. Joseph Lowry transmitted a 
memoir respecting a progressive projection of the northern and 
southern hemispheres, with three maps on this principle. — A 
memoir was submitted to the Academy, entitled Perspective 
geometry, or A new method of representing objects ; by an 
engineer of bridges and causeways.— A report by M. D* Arcet 
was read on M. Chevreusse’s physico-chemical researches on 
carbon. — M. Geoflroy St. Hilaire read a memoir on the na- 
tural affinities of die fossil crocodile of Caen, and on the 
formation from it of a. new genus, under the name of Teleo^ 
saurus. — M. Civiale read a summary of observations in con- 
tinuation of his memoir on tlie lithontriptor, or new mode of 
destroying stones in the bladcfer. — M. Cauchy read an' ana- 
lytical memoir on definite integi'als taken between ima^ary 

limits. 
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limits.— M. Marc- Antoine Parseval presented a memoir en- 
titled General theorems on analytic functions. 


LII. Intelligence and Miscellanetms Articles. 

LECTURES FOR THE MECHANICS AT PARIS. 

CH. DUPIN finished on Saturday, March 26th, the 
course of lectures on mechanics and geometry which he 
delivered at the Conservatoire des Arts et Metiers for the in- 
struction of the working classes. More than 500 persons, 
chiefly of these classes, attended his lectures ; and no doubt can 
be entertained of their utility, for they were listened to with pro- 
found attention. The progress of Industry will become incal- 
cuable when she is guided by Science. — Courier Fram^ois. 


SCIENTIFIC INSTRUCTION IN FRANCE. 

M. Morin, engineer, formerly a pupil in the Polytech- 
nic School, following the good example of M. Dupin, has be- 
gun at Nevers a gratuitous course of mechanics and physics ap- 
plied to the arts. More than thirty persons, already acquaintetl 
with arithmetic and the elements of geometry, attend; some of 
whom have supplied instruments and models of machines, and ' 
others have aided the undertaking by subscriptions. At Peri- 

? ;ueux a public museum of the minerals of the departments 
ms been begun. 


RESEARCHES OF MESSRS. BOUSSINGAULT, RIVERO, AND ROULIN, 
IN SOUTH AMERICA. 

These enterprising travellers have continued their barome- 
tric levelling of the Cordilleras, between Merida, the emerald 
mines of Muzo, and Bogota : they have observed the horary 
variations of the barometer on the coast, and at the height 
of 8530 feet: they have analysed an aerolite weighing 1600 
pounds, found on the ridge of the Andes : the pigment of JS/g- 
noina chica^ which, similar to indigo, presents however a pe- 
culiar vegetable principle : the hot springs of Mariara, from 
which very pure azotic ^as is disengaged : the milk of the 
cow-tree, which is nutritive, and contains fibrin and wax ; the 
poisonous and extremely irritating principle of the juice of 
Stura crepitans i and finally the confusedly crystallized saline 
substances which the Indians obtain from the alpine lake of 
the Andes of Merida, called Laguna del Urao. Messrs^ 
Rivero and Boussingault found the Urao to be composed of 
0’39 of carbonic acid, 0'41 of soda, and 0‘19 of water: it is 

a mixture 
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a mixture of carbonate and bicarbonate of soda, altogether re- 
sembling the trona of the Natron-lakes of Africa, analysed by 
Klaprotn. These travellers have also communicated to Messrs* 
Humboldt and Arago, not only two tables of longitudes, but 
also all the details of astronomical observations (horary angles, 
circum-meridian heights of the stars and the sun, immer^ons 
and emersions of the satellites of Jupiter) from which the re- 
sults have been deduced. The astronomical observations of 
M. Rivero and his associates rectify a part of the geography 
of South America, no point of which had hitherto been deter- 
mined with precision: namely, 1st, the country comprehended 
between the Sierra Nevada of Merida, and the lake of Mara- 
caybo and Bogota ; 2nd, the course of the Rio Meta, which 
unites the series of positions of the Oroonoko with that of the 
Andes of New Grenada, and of the Rio Magdalena. — 
Eiiicy. Feb. 1825. 

HEIGHT OF MOUNT ELBORUS. 

The Elborus, Elbiirus, Elbruz, Elburz, or Alburz, is some- 
times called by the natives the Shat^ or Shach-Gora; but, ac- 
cording to Pallas, the Circassians call it Osha Mashtiay or tlie 
Happy Mountain ; and the Akascs, Oyf fygub. 

llie Elborus is the loftiest mountain of the Caucasus, and 
one of the hi^^hest on the globe : it show^s two conical summits^ 
one much higher than the other. According to Pallas, this 
mountain yields in nothing to Mont Blanc in Switzerland. 
It w^as measured, some yeai*s ago, by Colonel Boutsovskii, who 
estimated its height at 16,700 Parisian, or 17,785 English feet, 
above the level of the sea. If this statement be correct, Mount 
Elborus exceeds Mount Blanc (which is only 15^630) in height 
more than 2000 feet — Travels in Russiaby Jl*Lyall^ M.D. ^c. 


ANALYSIS OF THE ANIMAL EARTH OF THE CAVE OF KUHLOCH. 

In our sixty-second volume, p. 112, we gave Professor 
Buckland’s account of the remarkable accumulation of the 
exuviae of bears in the cave of Klihloch in Franconia. That 
geologist having transmitted to M. Chevreul for analysis two 
specimens of the black earth forming die soil of the cavern, 
taken at different depths, we extract the following particulars 
from M. ChevreuPs memoir on the subject, just published in 
the Annals of Philosophy. 

Mr. Buckland transmitted to me through Mr. Underwood 
two specimens of the- soil of the cavern of Kuhloch- taken at 
different depths, in order that I might analyse them. This cavern 
contains a great number of fossil bones, belonging to carnivo- 
' Vol. 65. r^o. 324?. Ap'il 1825. Q q rous 
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rous and herbivorous atiimalsi which Mr. Buckland conceives 
Were not transported by water into the situation in which they 
are now seen, but that the Kuhloch cavern was the haunt of 
carnivorous aniinaU which died there; and their fossil bones are 
now found in a state of greater or less decay according to the 
degree of exposure to the atmosphere that they have undergone. 

The letter A denotes a specimen of the soil taken at the 
depth of two feet, B one at six feet below the surface. 

Both the specimens are, in great measure, in a pulverulent 
state, containing small masses which easily crumble to pieces ; 
their colour is orange brown, pretty much like that of some bog 
iron ores {mines de fer hydrateeslimoneuses). The colour resides 
principally in tlie finest particles, as is evident if we agitate the 
specimens in water, and decant the fluid before it has become 
clear ; the pulverulent particles remain suspended, while a gra- 
nular sandy matter subsides of a yellowish gray colour; when a 
depsosit has formed from the muddy water which had been 
decanted off, it is found to have a fine orange yellow colour. 
The specimen A contains a smaller proportion of pulverulent 
particles than B, and is also less coloured. 

Previous trials having shown that the matter soluble in water 
was in part alterable by the action of heat, like organic sub- 
stances, I submitted both specimens to two series of experf- 
ments, to determine first the nature of the substances indestruc- 
tible by heat, and secondly that of the matter destructible by 
that agent. 

The results of the first series of experiments were as follows : 
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The loss must be rather greater in reality than is indicated 
in the preceding tables, because the carbonates of lime and 
magnesia must have lost a portion of their carbonic acid by cal- 
cination ; but the effervescence produced during the solution of 
the calcined matters in nitric acid (3) and (3), proves that the 
whole of the carbonic acid had not been volatilized by the cal- 
cination, 1 should add, that I looked in vain for fluoric acid 
in the soil of the cavern of Kuhloch. 

M. Chevreul then details the results of his experiments on 
the nature of the matter alterable by heat ; and draws the 
subjoined conclusions from his entire examination. 

I. The organic matter of the soil of the cave of Kuhloch, 
destructible by fire, is formed of 

1st, A fatty acid, which in my examinations presented the 
proj)erties of stearic or margaric acid. 2dly, A fatty matter 
which was not acid. 3dly, An organic acid soluble in water, 
^thly, A yellow colouring principle. 5tl)ly, A brown azotized 
matter. 

A portion of the yellow colouring principle and of the azo- 
tized matter is certainly combined with alumina and peroxide 
of iron. It is probable that another portion of the organic mat- 
ters is united with the subphosphates and the subcarbonates 
of lime and magnesia; it is also probable that in this latter 
])art, there is proportionally more azotized matter than in the 
former. 

There is more organic and pulverulent matter in the spe- 
cimen taken from a depth of six i'eet, than in that from a depth 
of only two feet. 

II. There is in the soil some chloride of potassium and am- 
moniaco-su4)hate of potash. Consequently the chloride of 
potassium and the sulphate of potash arising from the decom- 
})osition of the ammoniaco-sulphaie of potash by heat, which 
could not be collected in the process adopted in the analysis 
of the incinerated soil, must augment the loss occurring in the 
analysis. 

III. The proportions of sulphate of lime indicated in 
the ashes of the soil, are not so great as those which really 
exist in it ; because, during the calcination, a portion of sul- 
phuric acid is decomposed. 

IV. It is probable that a portion of phosphate of magnesia 
is combined with phosphate of ammonia. 

MINERAL SPRINGS OF THE CAUCASUS. 

The following analyses of the springs of Alexander, near 
Kisluvodskii, in the Caucasus, are given by Dr. Lyall in his 
interesting Travels in Russia, the Caucasus, &c. lately published ; 
from a work respecting them by Dr. Haas, of Moscow. 

Q q 2 In 
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Description of Mexican Coal, 
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DESCRIPTION OF MEXICAN COAL. 

The mineral treasures now laid open to the skill and enter- 
prise of British adventurers in South America are daily 
exciting an increased interest throughout the kingdom : and 
as connected with the powerful machinery that will be em- 
ployed in these undertakings, the subject of fuel becomes one 
of the greatest importance. The woods and forests, which 
once clothed the sides of the Cordilleras in the vicinity of the 
principal mines, have been, for many years, gradually diminish- 
ing, and in many places have totally disappeared ; while tlie 
Mexican proprietors, with singular negligence, have forgotten 
to form new plantations to supply that enormous quantity of 
fuel necessary for the mines. 

'Hie existence of coal on the mining provinces of Mexico has 
hitherto been very doubtful. Humboldt, indeed, mentions its 
having been found in New Mexico ; and that the formations of 
hasalt and amygdaloid on the estates of the Count de Regia 
might lead to the belief that this substance also would probably 
be discovered ; a supposition likewise entertained by Mr. John 
Taylor, whose practical and scientific knowledge of mining is 
well known. These opinions are now completely verified ; as 
among the mineral productions brought by Mr. Bullock from 
Mexico are specimens of a coal analogous to jet, which he 
procured while residing in the vicinity of Real del Monte. A 
small piece of this substance, Weighing sixteen grains, has been 
analysed by Dr. Trail; and the result of his experiments, con- 

* Rcsinc sulphiueuse fetidc. Stinkendes Schwcfelharz of Westrumb. 

tained 
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lained in a letter to Mr. Swainson, is expressed in the following 
words : — 

“ This specimen is more analogous to jet than to our Wigan 
Cannel coal, its colour is deep brownish black ; its lustre 
resinous ; its cross fracture conchoidal ; its longitudinal frac- 
ture has a slightly fibrous appearance, as if it had originally been 
wood. Its hardness is about that of Cannel coal, as is its fran- 
gibility ; but its lustre is higher. The mean of three careful 
experiments gave its specific gravity = V224fS. It becomes 
considerably electric by friction ; in this character it is ana- 
logous to jet, and differs from Cannel coal, which scarcely 
show's any symptoms of electricity by friction, though I have 
observed that some pieces of the latter slightly moved an insu- 
lated cat’s hair, which is a very delicate electroscope. Kii wan 
considers the difference between jet and Cannel in their elec- 
tric energies, as a diagnostic mark. 

‘‘ It burns with a lively flame, and gives out much liquid 
bituminous matter, or coal tar, so as to cake or become semi- 
liquid in the fire. It does not decrepitate when heated, like 
CanneL When heated before the blowpipe, in a glass tube, 
its volatile parts are separated ; and it leaves behind about 50 
per cent of a coke which is capable of exciting a pretty strong 
heat. The volatile portion affords a very pure coal gas. Six 
grains of it burnt in a platina crucible left behind 0*2 grains 
of greyish white ash, which is equivalent to per cent of 
incombustible matter in it. 

The smallness of the specimen rendered it impossible to 
ascertain the relative quantities of carbon, hydrogen, and nitro- 
gen, which similar substances contain ; but this sort of analysis 
is rather an object of curiosity than utility .” — Quarterly Jmir- 
nal. 

REMARKABLE CASES OF THE FORMATION OP AMMONIA. 

We extract the following remarkable cases of the formation 
of ammonia from a paper on tlie subject by Mr. Faraday in 
the Quarterly Journal of Science, No. xxxvii. 

Having occasion, some time since, to examine an organic 
substance with reference to any nitrogen it might contain, 1 
was struck with the difference in the results obtained, when 
heated, alone in a tube, or when heated with hydrate of po- 
tassa : in the former case no ammonia was produced ; in the 
latter, abundance. Supposing that the potash acted, by in- 
ducing die combination of the nitrogen in the substance with 
hydrogen, more readily than when no potash was present, 
and would, therefore, be useful as a delicate test of the pre- 
sence of nitrogen in bodies, 1 was induced to examine its 
accuracy by heating it with substances containing no nitrogen, 

• as 
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as lignine# sugar, &c. ; and was surprised to find that ammo- 
nia was still a result of the experiment. This led to trials 
with different vegetable substances, such as the proximate 
principles, acids, salts, &c., all of which yielded ammonia in 
greater or smaller quantity ; and, ultimately, it was found 
that even several metals when treated in the same w^ gave 
similar results ; a circumstance which appeared considerably 
to simplify the experiment. 

The experiment may be made in its simplest form in the 
following manner : Put a small piece of clean zinc foil into a 
glass tube closed at one end, and about one-fourth of an inch 
in diameter ; drop a piece of potash into the tube over the zinc ; 
introduce a slip of turmeric paper slightly moistened at the 
extremity with pure water, retaining it in the tube in such a 
position that the wetted portion may be about two inches from 
the potash : then holding the tube in an inclined position, ap- 
ply the flame of a spirit lamp, so as to melt the potash, that it 
may run down upon the zinc, and heat the two whilst in 
contact, taking care not to cause siicli ebullition as to drive up 
the potash : in a second or two, the turmeric paper will be 
reddened at the moistened extremity, provided that part of the 
tube has not been heated. On removing the turmeric paper 
and laying the reddened portion upon the Iiot part of the tube, 
the original yellow tint will be restored : from which it may 
be concluded that ammonia has been formed ; a result con- 
firmed by other modes of examination to be hereafter mentioned. 

The first source of nitrogen which suggested itself was the 
atmosphere; the experiment was therefore repeated, very care- 
fully, in hydrogen gas, but the same results were obtained. 

The next opinion entertained was, that the potash might 
have been touched accidentally by animal or other substances, 
which had adhered to it in sufficient quantity to produce the 
ammonia : the alkali was therefore heated red hot, as a prepa- 
ratory step, and afterwards allowed to touch nothing but clean 
glass or metals; but still the same effects were produced. 
The zinc used was selected from a compact piece of foil, was 
well rubbed with tow dipped in alkali, washed in alkaline so- 
lution, afterwards boiled repeatedly in distilled water, and 
dried, not by wiping, but in a hot atmosphere; and yet the 
same products were obtained. 

All these precautions, with regard to impurity from finger- 
ing, were found to be essentially requisite, in consequence of 
the delicacy of the means afforded by heat and turmeric paper 
for testing the presence of ammonia, or rather, of matter con- 
taining its elements. As a proof of this, it may be mentioned, 
that some sea sand was heated red hot for half an hour in a 

crucible 
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cinicible, and then poured out on to a copper-plate, and left, 
to cool: when cold, a portion of it (about 12 grains) was put 
into a clean glass tube ; another equal portion was put into 
the palm of the hand, and looked at for a few moments, being 
moved about by a finger, and then introduced by platina 
foil into another tube, care being taken to transfer no animal 
substance but what had adhered to the grains of sand : the 
first tube when heated yielded no signs of ammonia to turme- 
ric paper, the second a very decided portion. 

As a precaution, with regard to adhering dirt, the tubes 
used ill precise experiments were not cleaned with a cloth, or 
tow, but were made from new tube, the tube being previously 
heated red hot, and air then drawn through it ; and no zinc 
or potash was used in tliese experiments, except such as had 
been previously tried by having portions heated in a tube, to 
ascertain whether when alone Uiey gave ammonia. 

It was then thought probable that the alkali might contain 
a minute quantity of some nitrous compound, or of a cyanide, 
introduced during its preparation. A carbonate of potash 
was therefore prepared from pure tartar, rendered caustic by 
lime calcined immediately preceding its use, the caustic solu- 
tion separated by decantation from the carbonate of lime, not 
allowed to touch a filter or any thing else animal or vegetable, 
and boiled down in clean flasks; but the potash thus obtained, 
though it yielded no appearance of ammonia when heated 
alone, always gave it when heated with zinc. 

The water used in these experiments was distilled, and in 
cases where it was thought necessary ivas distilled a second, 
and even a third time. The experiments of Sir Humphry 
Davy * show how tenaciously small portions of nitrogen are 
held by water, and that, in certain circumstances, the nitrogen 
may produce ammonia. I am not satisfied that I have been 
able to avoid this source of error. 

At last, to avoid every possible source of impurity in the 
potash, a portion of that alkali was prepared from potassium ; 
and as the experiment made with it includes all the precau- 
tions taken to exclude nitrogen, I will describe it ratiier mi- 
nutely, as illustrative of the way in which the other numerous 
experiments were made. A piece of new glass tube, about 
half an inch in diameter, was first wiped clean, and then heat- 
ed red hot, a current of air passing at the same time through 
it ; about six inches in length was drawn off at the blow-pipe 
lamp, and seated at one extremity. Some distilled water was 
put into a new gldss retort, and heated by a lamp ; when about 
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one half had distilled over, the beak of the retort was intro-^ 
duced into the tube before mentioned, and a small portion of 
water (about fifty grains) condensed into it. A solid compact 
piece of potassium was then chosen ou^ and having been wiped 
with a linen cloth, was laid on a clean glass plate, the exte- 
rior to a considerable depth removed by a sharp lancet, and 
portions taken from the interior by metallic forceps, and drop- 
ped successively into the tube containing the water before 
mentioned. Of Cburse the water was decomposed, and the 
tube filled with hydrogen ; and when a sufficient quantity of 
solution of potash had been thus formed, the tube was heated 
in a lamp, and drawn out to a capillary opening, about two 
inches from tlie closed extremity. The tulx^ now formed al- 
most a close vessel ; and being heated, as the water became 
vapour, it passed off at the minute aperture, and ultimately a 
portiontpf pure fuzed hydrate of potassa remained in the bot- 
tom of the tube. The aperture of the tube was now closed, 
and the whole set aside to cool. 

A piece of new glass tube was selected about 0*3 of an inch 
in diameter ; it was heated to dull redness, and air passed 
through it: about ten inches of it was then cut off, and being 
softened near to one end by heat, it was drawn out at that 
part until of small diameter : that part was then fixed into a 
cap, by which it could afterwards be attached to a receiver 
containing hydrogen. The tube containing the potassium 
potash being now broken in an agate mortar, a piece or two 
of the potasn was introduced by metallic forceps into the tube 
at the open end, so as to pass on to the contracted part ; a roll 
of zinc foil, about one grain in weight, cleaned with all the pre- 
cautions already described, was afterwards introduced, and 
then more of the potash. The tube was then bent near the 
middle to a right angle ; a slip of turmeric paper introduced, 
so as just to pass the bend ; and thus prepared, it was ready 
to be filled with hydrogen. 

The precautions taken with regard to the purity of the hy- 
drogen were bs follows : a quantity of water had been put 
into a close copp^ boiler, and boiled for some hours, after 
which it had been left all night in the boiler to cool. A 
pneumatic trough was filled with this water just before it Was 
required for use. The hydrogen was prepared from clean 
zinc, which being put into a gas bottle, the latter was filled 
entirely wifli'the boiled water, and then sulphuric acid being 
pouredf in through the water, the gas was Collected, die exl-^ 
cess of liqtfid 'being aftdwed to -boil over.” ' The bydre^^eti was 
received m the usual manner into jars filled with the water of 
the trough, the transferring jar, when 'filled, being entirely 

immersed 
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Formation of Ammonia^ 

immersed in tlie water, so as to exclude the air from every 
part, even of the stop-cock. The first jar of gas was thrown 
away, and only the latter portions used. 

'J he gas being ready, the experimental tube was attached 
to the transferring jar by a connecting piece, so that the part 
of it containing the zinc and potash was horizontal, whilst the 
other portion descended directly downwards. A cup of clean 
mercury, the metal being about an inch in depth, was then 
held under the open end of the tube, and by lowering the jar 
containing the hydrogen in the water of the pneumatic trough, 
so as to give sufficient pressure, and opening the stop-cock, 
the hydrogen in the jar was made to pass through the tube, 
and sweep all the common air before it. When from 100 to 
150 cubic inches, or from 200 to 300 times the contents of 
the tube, had passed through, the cup of mercury was raised 
as high as it could be, so as to prevent the passage of any more 
gas, the pressure from the jar in the water-trough was partly 
removed, and the stop-cock closed ; then, by lowering the 
cup of mercury a little, the surface of the metal in it was made 
lower than that within the tube ; and in this state of things the 
flame of a spirit lamp applied to the contracted part of tlie 
tube sealed it hermetically, without the introduction of any 
air, and separated the apparatus fix>m the jar on the water- 
trough. 

In this way every precaution was taken that I could devise 
for the exclusion of nitrogen ; yet, when a lamp was applied 
to the potash and zinc, the alkali no sooner melted down and 
mingled with the metal, than ammonia was developed ; which 
rendered the turmeric paper brown, the original yellow re- 
appearing by the application of heat to the part. 

With regard to the evidence of the nature of the substance 
produced, it was concluded to be ammonia in the experiments 
made in hydrogen, from its changing the colour of turmeric 
paper to reddiim brown ; from the disappearance of the red- 
dish brown tint and re-production of yellow colour by heat; 
from its solubility in water, as evinced by the greater deptli of 
colour on moist turmeric paper than on dry ; from its odour ; 
and from its yielding white fumes with the vapour of muriatic 
acid. When formed in open tubes, its nature was still further 
tested by its neutralizing acids and restoring the blue colour 
of reddened litmus paper ; by its rendering a minute drop 
of sulphate of copper on a slip of white paper deep blue ; apd 
also, at the suggestion of Dr. Paris, by introducing into. ^^ 
slip of paper moisteOed in a. mixed solution of nitrate (rf* 
and arsenious acid, the yellow tint of arsenite of silver bi^g 
immediately produced. 

Vol. 65. No. 324. Aj}ril 1825. 
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Sl4 Mr. Faratlay on the Formation q/' Anunoyiia, 4r. 

Potasih is not the only substance which produces this effect 
with the metal^ and vegetable substances. Soda produces it ; 
so also does lime, ana baryta,— the latter not being so effec- 
tive as the tbrmer, or producing the pluenomena so generally. 
The common metallic oxides,' as those of manganese, copper, 
tin, lead, &c., do not act in this manner. 

• Water or its elements appear to be necessary to the expe- 
riment. Potash or soda in the state of hydrates generally 
contain the water nece^ary. Potash, dried as much as could 
he by heat, produced little or no anunonia with zinc ; but re- 
dissolved in pure water and evaporated, more water being left 
ill it than before, it was found to produce it as usual. Pure 
caustic lime, with very dry linen, produced scarcely a trace of 
ammonia, whilst the same |iortion of linen with hydrate of 
lime yielded it readily. 

The metals when with the potash appear to act by, or ac- 
cording to, their power of absorbing oxygen. Potassium, 
iron, zinc, dn, lead, and arsenic evolve mu(^ ammonia, whilst 
spongy platina, silver, gold, &c., produce no effect of the 
kind. A small portion of fine clean iron wire dropped into 
potash melted at the bottom of a tube, caused the evolution 
of some ammonia, but it soon ceased, and the wire blackened 
upon its surface : the introduction of a second portion of clean 
wire caused a second evolution of ammonia. Clean copper 
wire, in fused potash, caused a very slight evolution of ammo- 
nia, and became tarnished. 

The following, among other vegetable substances supposed 
to contain no nitrogen, nave been tried with potash in tubes 
open to the air : lignine, prepared by boiling linen in weak 
solution of potash, then in water, afterwards in weak acid, and 
finally in water again; oxalate of potassa, oxalate of lime, 
tartrate of lead, acetate of lime, asphaltum, gave very striking 
quantities to turmeric and litmus paper ; acetate of potash, 
acetate of lead, tartrate of potash, benzoate of potash, oxala te 
of lead, sugar, wax, olive-oil, naphtlialine, produced ammo- 
nia, but in smaller quantity; resin appeared to yield none, nor 
when potash was heated in the vapour of alcohol or ether, or 
in olenantgas, could any ammonia be detected# 

It may be remarl^I, that much appeared to depend upon 
the quantity of potash used : sugar, for instance, which with 
a little potash would with difficulty yield traces of ammonia, 
does so very readily when the quantity of ]:mtash is doubled or 
trebled ; and linen, whiciv witii potash gives ammonia very 
readily, yields it the more readily, and in greater quantity, 
as the proportion of potash is increased. 


PllOFESSOa 
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New Formation of Anhydrous Sidphuric Acid. 

PROFESSOR GMELIN O^ A NEW FORMATION OF ANHYDROUS 
SULPHURIC ACID. 

It has been an opinion hitherto received, that anhydrous 
sulphuric acid can be obtained in no other way than by de- 
composing in a distillatory apparatus such sulphates as, when 
heated, give off their acid — such as calcinated iron-vitriol. It 
is generally known that the fuming oil of vitriol from Nord- 
hausen is procured in this way. I have found that the not 
fuming (so called in English) oil of vitriol yields at a certain 
period of the distillation fuming acid. I heated in a retort, 
connected with a receiver, 6 pounds 14*^ ounces Englisli oil 
of vitriol, of a specific gravity, x= 1 •84-35 at + lOj® R., which 
was not the least fuming. The acid never Came to boiling ; 
the temperature of the air was 0° R., four ounces having dis- 
tilled, having a strong smell of sulphurous acid; the receiver 
was emptied, cleansed, and applied anew. When eight ounces 
of an acid, which was quite destitute of smell, had distilled 
over, the receiver, which had hitherto been perfectly trans- 
parent, was suddenly filled with vapours. It was removed, 
and another dry receiver applied, which was now surrounded 
with powdered ice. There was condensed an acid partly not 
transparent, partly transparent and crystalline ; a good deal 
of the solid acid was found in the neck of the retort This 
solid acid was exceedingly fuming, like that produced from the 
fuming oil of vitriol; it remained solid at + 12^ R., and had 
no smell of sulphurous acid. When brought in contact with 
a certain quantity of sulphur, in a close air-tight glass vessel, 
a green compound, having the colour of muriate of chrome, was 
formed, and a little sulphurous acid was disengaged. This 

S creen mass being brought in contact with water, a very great 
leat was evolved, sulphurous acid formed, and sulphur dis- 
solved. When the solid acid was brought in contact with 
water, diluted acid was formed, but no sulphurous acid. This 
diluted acid being saturated by potash, and evaporated to 
crystallization, no nitre was formed, nor were nitrous vaTOurs 
produced by heating the dry mass with concentrated sulpnuric 
acid. The specific gravity of the acid left in the retort, 
which was now sensibly fumingj was found = 1*8503 at + 13® 
R. ; the specific gravity oS the acid which distilled over, = 
1 •4*809 at + Hi® R.* This experiment being repeated with 
the same acid, the same result was obtained. But it may hap- 
pen that the moment at which the fuming acid is formed is 
overlooked : in the experiments just now mentioned it was 

* 'file specific gravities were deterniinecl by means of a small bottle^ j>ro- 
\icleil with a plate ground upon its neck. 

. R r 2 
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SI 6 Composition of Crystals of Sulphate of Soda, 

not formecl ; but in the fii:^st half of the third day (during the 
two first days, from seven o’clock in the morning till nine 
o’clock in the evening), fire had been kept in the furnace, and 
its formation could not longer be perceived than during about 
half an hour *. These experiments leave, I think, no doubt 
that the solid acid really was anhydrous sulphuric acid. Its 
formation may thus be explained,— that, in a certain concen- 
tration of the aqueous sulphuric acid, part of the acid yields 
its water to anotner part ot the acid, and is volatilized ; where- 
by, on one side, by the great volatility of the anhydrous acid, 
on the other side by me great fixity of the acid containing 
water, this kind of decomposition seems to be induced. — 
Brewster^ s Journ. 


MR. FARADAY ON THE COMPOSITION OF CRYSTALS OF SUL- 
PHATE OF SODA. 

It is known that when a hot strong solution of sulphate of 
soda is put into a vessel and closed up, it may be reduced to 
common temperatures without crystallizing, although, if the 
vessel be opened, abundance of crystals will immediately form. 
It has also frequently been observed that, in some circum- 
stances, crystals would form in the solution during cooling, 
even though the vessel had not been opened or agitated. 
These crystals, when observed in the solution, are very trans- 
parent and of a large size ; they are quadrangular prisms, 
with diedral summits. Upon opening the vessel, the sur- 
rounding solution crystallizes rapidly, enveloping the firsc 
formed set of crystals with others, which, however, are very 
readily distinguished from them in consequence of their im- 
mediately assuming a white opaq^ue appearance. Upon taking 
out the crystals, those first formed are found to be much harder 
than the usual crystals of sulphate of soda; and when broken, 
it is found that the opacity is not merely superficial, but that 
it penetrates them to a considerable depth, and even at times 
throughout. 

These harder and peculiar crystals are readily obtained by 
closing up a solution of sulphate of soda, saturated at 180^, in 
a Florence flask, boiling the solution in the flask so as to expel 
the air before closing it. Upon standing 24 hours, fine groups 
of crystals are formed. When the flask is opened, the solution 
deposits fresh crystals ; but on breaking the flask, the latter 
may be scraped off by a knife, in consequence of the superior 
hardness of the first set. 

^ * I quote these circumstances, that it may appeal how slowly the dis- 
tilladon proceeded. Probably no fuming acid will be formed when the fluid 
in the retort is brought to boiling. 

The 
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Tlie hard crystals when separated are found to be efflores- 
cent, like those of the usual kind; and they ultimately give off 
all their water, leaviifg only dry sulphate of soda. When a 
given weight was heated in a platina crucible, one half their 
weight passed off as water, the rest being dry salt. They, 
consequently, contain eight proportionals of water, or 72 sul- 
phate of soda, and 8 x 9 = 72 water. The usual crystals of 
sulphate of soda contain 10 proportionals of water. 

When crystallized sulphate of soda is heated in a flask, a 
part of it dissolves in the water present, whilst the rest is thrown 
down in an anhydrous state. The solution at 180° appears to 
contain one proportional of salt 72, and 18 proportionals of 
water 162; from which, if correct, it would result, that when 
the crystals are heated to 180°, ^ of the salt take all the water, 
whilst ^ separate in the dry state.— Quarterly Journal. 


INFLUENCE OF COPPER, ETC., ON MAGNETIC NEEDLES. 

M. Arago communicated to the Academy of Sciences his 
experinents relative to the oscillations of a magnetic needle 
surrounded by different substances. He had ascertained that 
the copper rings with which dipping-needles are generally 
surrounded exerted on the needles a very singular action, the 
effect of which was rapidly to diminish the amplitude of the os- 
cillations without sensibly altering their duration. Thus when 
a horizontal needle suspended in a ring of wood by a thread 
without tension was moved 45° from its natural position, and 
left to itself, it made 145 oscillations before the amplitude was 
reduced to 10°. In a ring of copper, the amplitude diminished 
so rapidly that the same needle, removed 45° from its natural 
position, only oscillated 33 times before the arc was reduced to 
10°. In another ring of copper, of less weight, the number of 
oscillations between the arcs of 45° and 10° were 66. The time 
of the oscillations appeared to be the same in all the rings. 

In the ring of wood 145 oscillations from 45° to 10° 

copper 33 45 10 

In a lighter copper ring 66 45 10. 

— ' ■ — " Rev. Rncy. 

MEDICINAL LEECHES. 

A report has lately been laid before the French Academy 
of Sciences, by MM. Dum4ril and Latreille, on a memoir by 
MM. Pelletier and Huzard, jun., containing researches upon 
leeches. 

The authors of this memoir had been commissioned to 
obtain information for the civil authorities relative to the 
means of putting an end to the complaints which are often 

made 
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made to iha^m respecting the bad quality of the leeches em- 
ployed in medicine. The two chief points which thejr pro- 
posed to examine, are, 1st, To asceitain* the causes which in 
certain cases render the little wounds made by these animals 
difficult to cure. 2dly, To examine tlie circumstances under 
which certain leeches ilo not penetrate the skin to which they 
are applied. On the first point authors agree with physicians 
in acknowledging that the inconveniences ascribed to leeches 
ought most frequently to be attributed either to the tempera- 
ment of the patient, or to the nature of the malad\^ or to the 
means employed to detach them from the wound, or to the 
foreign subi^tances employed for staunching the blood and 
closing the wound. With regard to the second point, MM, 
Huzard and Pelletier have found that there are offered for 
sale speqies of leeches that at first sight entirely resemble me- 
dicinal leeches, but which differ from them completely; 1st, 
in their want of the serrated instrument proper to make the in- 
cisions in the skin, from which issues the blood that the ani- 
mal sucks ; 2d^, in the conformation of their stomach and in- 
testinal canal. The experiments of the authors have proved to 
them that the spurious leeches cannot be employed in medicine, 
because they do not bite. M. Dutrochet has already de- 
scribed, in 181 7, the Annelide offered as a new species by MM- 
Huzard and Pelletier ; but there crept into his work some er- 
rors relating to the manners, the habits, and the organization 
of this animal, which for a year has been the particular ob- 
ject of the authors.” — Rev. Ency. Feb, 1825. 


LIST OF NEW PATENTS. 

To Robert ilicks, of Conduit-Street, surgeon, for an improved bath.— 
Dated 2s3d March 18^5. — 6 months to enrol specification. 

To Francis Rotiatds, of Croydon, Surrey, esq. for a new tracing appa- 
ratus to facilitate the drawing from nature. — 23d March. — 2 months. 

To Richard Wilty, of Kin^ton-upon-Hull, civil engineer, for an improve- 
ment in the method of lighting by gas, by reducing the expense thereof.— 
25th March . — S months. 

To John Martin HancHelt, of Crescent-place, Blackfriars, London, and 
Joseph Delvalle, of Whitccross-street, Middlesex, csqrs.for an improvement, 
coknmiinicated from abroad, in looms for making cloths, silks, and different 
kinds of woollen stuffs, of various breadths.— 25th March. — 6 months. 

To Jos^h Manton, of Hanoyer-square, gun-maker, for an improvement 
in shot.— ^th March. — 6 months. 

To J~6hn 6'otlieb Ulrich, of Bucklersbury, London-, chronometer-maker, 
for iidfn’qvbments on chrononieten.^25th March,— 6 mohtbs. 

To Aaron Jennins and John Beltcridge, both of Birmingham, japanners, 
fpr improvements in the method Of preparing and working pearl-shell into 
various forms and devices, for the purpose of applying it to ornamental 
us^ in the manufacture of japan ware and other articles.— 29th March. 
-^6 months. 


Ta 
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List of Neii^ Patents. 

To Ricliaril Roberts, of Manc hester, civil engineer, for improvements in 
tlie mule, billy, jenny, stretching frame, or other tiKicliiiies used in spinning 
cotton, wool, or other fibrous substances, and in wliich cither the spindles 
recede from and approach the rollers or other deliverers of the said fibrous 
substances, or in which such rollers or deliverers recede from and approach 
the spindles. — 29th March. — 6 months. 

To James liaurncr Baker, of Antigua, (now residing in St. Martin’s-lane,) 
for improvements in dyeing and calico-printing by the use of certain vegeta- 
ble materials.— 20th March. — 0 months. 

To Maurice de Jongh, of Warrington, cotton-spinner, for improvements 
in spinning machines, and mules, jennies, slubbers, &c. — 29th March.-* 
6 months. 

To Edward Sheppard, of Ulcy, Gloucestershire, clothier, and Alfred 
Flint, of the same place, engineer, for improvements in machinery for rais- 
ing the wool or pile on woollen or other cloths hy points, also applicable 
to brushing, smoothing, and dressing cloths.— 29th March.— 2 months. 

To 'rhomas Parkin, of Bache*s-row, City Road, Middlesex, merchant, 
for a mode of j)aving parts of public roads, whereby the draft of waggons, 
carts, coaches and other carriages is facilitated. — 2i)th March.— 9 months. 

To Rudolphe (.^ibanel, of Melina- place, Westminster Road, Lambeth, 
engineer, for improvements on engines or machinery for raising water, part 
of which machinery is applicable to other useful purposes. — .‘10th March. 
— 9 months. 

To John Heathcoat, of Tiverton, Devon, lace-manufacturer, for improved 
methods of figuring or ornamenting various goods manufactured from silk, 
cotton, flax, &c. — 31st March. — 9 months. 

To Jacob Jedder Fisher, of Ealing, Middlesex, esq. for a new application 

of raiUways, and the machinery to be employed thereon, — 2d April, 

6 months. 

To Siineon Broadmeadow, of Aberpvenny, Monmouthshire, civil en- 
gineer, for liis apparatus for exhausting, contlensing, or propelling air, 
smoke, gas, &c. — 2d April. — 9 months. 

I’o William Turner, of Winslow, Clicshire, saddler, and William Mose- 
dale, of Park-street, Grosvenor-square, coach-maker, for an improvement 
on collars for draft horses. — 2d April. — 2 months. 

To Robert William Brandling, of Low fiosfortb, near Newcastle-upon- 
Tyne, for improvements in rail-roads, and carriages to be employed thereon 
and elscsvlierc. — 12th April, - 9 months. 

To William Shalders, of the city of Norwich, leather-cutter, for a gravi- 
tating expressing fountain for raising and convening water or any other 
fluid, for any purpose. — 12th April. — 2 months. 

To William Gilman, of Whitechapel Road, engineer, and James William 
Sowerby, of Birchin-laiie, London, mcrehunt, for improvements in gene- 
rating steam, and on engines to be worked by steam or other elastic fluids. 
13th April. — 6 months. 

To Thomas Sunderland, of Groom’s Hill Cottage, Blackheath, Kent, 
esq. for a new combination of fuel. — 20th April. — 9 months. 

To Charles Ogiivy, of Verularo-buildings, Gray’s Inn, esq. for an im- 
proved apparatus for storing ^as. — 20th April. — 9 months. 

To John Broomfield, of Islington, near Birmingham, engineer, and Joseph 
Luckcock, of Edgbaston, near Birmingham, for iinprovemerits in the ma- 
chinery for propelling vessels. — 20th April. — 9 months. 

To Lemuel Wellman Wright, of Wellelose-sqiiare, Middlesex, engineer, 
for improvements in apparatus for washing or bleaching of linens, cottons, 
&c.— 20(h April.— 6 months. 
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LIII. On theBhwmial Theorem^and thcAppUcalion o/somcPro- 
jjcrtics ry’ 0*^ to General ly^crentlation and Integration, 
By John IIekapath, jE.sv/. 

T^liOM the tiriK" I first became acquainted with the fluxional 
^ discoveries of Newton, it forcibly struck me that his cal- 
culus was only a particular branch of a much more general 
one. 1 felt, therefiwe, surprised that mathematicians had suf- 
fered upwards of a century to ])ass without any attempt, I 
miglit almost say w^ithoiil even a hint, towards its generaliza- 
tion. They have given us methods by which w c can generally, 
by successive operations, obtain llic value of any order de- 
noted by an integer of the dilFcrcntials or integrals ol’ a fime- 
tion ; but to extract, if one may so call it, any differential root, 

or even to assign the value of when r is only a fraction, 
to say nothing of its being an irrational or imaginaiy number, 
seems to have been lookeil on as an impossibility. Lacroix, 
J have heard, has said something of fractional dillerentials hi 
liis great w'ork on this calculus; but he considers thejii, it seems, 
as quantities of a different kind from integer differentials. 
M. Brisson too in the Journal Polytechnique,, H cahier, page 

u 

199, has given a series for Lwiiatever he the value of n\ 

d.r 

but the series is of a most troublesome description, and by 

“■r 

proceeding according to the integer differentials of ^ is, in 

my opinion, nearly if not quite useless. The development of 
dt*' may, if that only be sought, be obtained by a much sim- 
pler and neater method. 

Mr. Babbage has likewise in one of his functional papers 
incidentally alluded to fractional differentials in mentioning 
M. Lacroix's opinion ; but he has not that I remember said 
any thing which might lead to their calculus. 

I should also mention that Mr, Herschel, in a letter dated 
Vol. 65. No. 325. May 1825. S s October 
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Now, if = /• + be as before an integer, r or v may 

be any number rational, irrational, or imaginary ; and since 
the sum n of these numbers is an indeterminate positive inte- 
ger, they will in point of value be independent. But 


7t— 1 71 -—‘2 





r-j-u — ‘2 

~T'' ' • 


or 

+ . ■ _ (r + r)*" +a(r+..)'^“+«.(r -f 


1.2. ..(y-1) l.2...(,-I) 

= <7, + 2„(?-1),...!7„ (F) 

And because in the two right hand members of this (F), r 
and V arc independent variables, tliese members when duly 
reduced must not contain any product of’ the powers of the 
variables; for if they did, the function of’ either variable would 
be affected by the changes of the other variable, which it 
should not. Tlie middle member therefore of ( F) must con- 
tain only the sums of tlie powers of r and and the right 
hand member only the two exterior terms. Consequently 




7—1 7—1 7— iJ 7— y 7—5 7—5 

_ (r f y ) + _ H- ^ f )... 


which again, on account of the independence of the functions, 
will evidently give 

(r- 1) . . J 

q = r— — r—-; — and q = n 

1 . 2 ...(< y — 1 ) ^0 ).‘ 2..7 — 1 ) 

which completes the proof. 

This conclusion we may easily verify by actual reduction. 
Thus 2 , + = 2 , = « = ,-!-« 

which since 2^ and 2,^^ are independent, as well as ; and w, give 
2 = r and 2 = 7> 

»' V 

and because 

(r + t>) 3 + 2 - 2^ + 3„ = 3 + vr + 3 


(r-l)( r-2)... , _ („_))(„_9)... 


gives 


^ ,,) 

1.2 


= 3 + 3 , 


we have by reason of the independence of the functions 
3 = and 3 = 

»• 1.2 V 1.2 

and so it may be shown of the rest. 

We may here remark, that any coefficient of the binomial 

expansion, as may be represented by so that we 

have the binomial theorem under the new form 
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and General Differentiation and Litegration* 




, 0 

A r H- 


A r -|- 


A 

A r , 


r 





X 


r 


(G) 


in which the abbreviated operation refers to r as the variable. 

It slioiild liere also be remarked, that the binomial develop- 
ment terminates at the term immeillately before that whose 
coefficient becomes =0; and if this does not happen, it goes 
on ad hifinitiim. We shall in more than one instance pre- 
sently see the value of this apparently trifling observation. 


On General Differentiation and Integration. 

We will commence with the simple differential 

,r n 
a. X 

whose numerical coefficient is to be determined, whatever be 
the values of r, for the value of the exponent is under all 
circumstances evidently n — r. Let us put for the coeffi- 
cient, and when r is a whole positive number the ordinary 
processes of differentiation give 

7 /^ = 1 . 77.-2 .... 7 ^ — (/•—]) ( 1 ) 

or, 7/^. = n — a * -h a, 7^ (2) 

terminating at the term immediately before that whose coeffi- 
cient becomes =0. The same rule of termination also holds 
good in (1) when ;• is a whole number and 77 = 7 *. 

Now when 7* is a variable integer it is easy to })rove that 


n = 7* — 77 A^ •r 4-/^ A^ .r --n A^ .r 


= n 




( 3 ) 


the operations A^ 


I €' j. X. *1 

.r A^ ./• 


tively equal to A S’, 
applied to unity or 7 *^. 



A \r A 
But since 

— 2 w t' 

/ -7’ = - 


A^ ^.r^ •• • being respec- 
7’, A .7’ A .r A r •, 


. r— 1 . . . r — 3 

574 


+ 


r. . . r— 2 

3 * 


^ — 3 o r.,.r— 5 , r...r— 4 , 

“■ 2 . 4.6 2.3 4 ’ 

it is plain that the coefficient of any term of (3) is composed 
of factors similar to those of the development of the binomial, 
and will consequently admit a similar proof for non-integer 
values of r. Our (3) is therefore true for all values of r ra- 
tional, 
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tional, irrational, or imaginary. We have hence a general 

expression for dT, whether r and n be possible or imaginary 
numbers. Before, however, I make any observations on the 
properties of the numeral coefficient I shall proceed to dis- 
cover another expression much more elegant and commodious 
than our (3). 

•Thus A . = (.r-f 1)"— 

A® = (a' + 2)‘’-2(x + 1)*’4 / 

= (x+3)”— 3(cr+2)*’ + 3{.r+l)’’,-x'' 
and generally when n is any positive integer 

+ + (.r + 7i — sf. . . (4?) 

continued to the term next preceding that whose coefficient 
becomes =0. But these coefficients are the same as the bi- 
nomial, and have therefore the same proof for non-integer 
values of Hence (4) is true, whatever be the value of w, 
and we know it is true for all values of x and t;; it is there- 
fore true universally. 

I shall show presently how to deduce from this finite ex- 
pressions for negative integer values to 

If we put a:=0we obtain the celebrated expression for 

A^^ 0^ namely 

A . 0 = w — « (n— 1) + — (w— 2) ... (5) 

true likewise for all values of n and i;, whether possible or im- 
possible. 

This expression I sent between two and three years since 
to an able mathematician as true for imaginary values of n. 
It was of course given without demonstration, and hence he 
thought it merely a definition. The investigation, or rather 
the demonstration, I have now given it, will however, I pre- 
sume, entitle it as much to the appellation of a theorem as the 
binomial expansion. 

I have hitherto proceeded in an algebraico-demonstrative 
manner, which will easily lay open the process of the follow- 
ing investigations ; I shall therefore be more concise in what 
I mtend to add in tliis paper. 

An easy management of (4) will bring it under the form 

or, abbreviated, 1 + (7) 

which 
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which admits of an algebraic equality with when /=1- 

From this expression we deduce 

A^o''=w.w-l.w-2... (8) 

which terminates at the term immediately before that which 
becomes = 0, or else proceeds on ad infinitum like the other 
expressions. Hence we easily get 


d. X 
d/ 


A . 0 




.0 


(9) 


whatever be the values of n and 

This is the commodious expression I before alluded to ; and 
perhaps, independent of its importance and its containing the 
first attempt that has yet been made towards applying the pro- 
perties of a”. to general differentiation, mathematicians will 
not think my anticipation of it, as an elegant theorem, un- 
merited. 

We will now slightly glance at two or three of its conse- 
(juences. Suppose r is any positive integer, 7i being any num- 
ber, then 


n _n 
n— r A , 0 

a: . 

/I— r r 

.0 


n, w— 1.., w— r, . . 


to 1 or Qo 

-r— 1.. . to I or 05 


= w. (10) 

and if r be any negative integer, then 


vi-r 


^ .0 


n + r -f r 

A . 0 


.=.r"+: 


H . 71— 1 . 


u {r, . , 71 . 1 , 


to 1 or 05 
to I or 05 


/t-f 1 


( 11 ) 


which are known to be the rth differential and integral of 

If n be a positive integer and r>n it appears by (10) that 
the numeral coefficient n =0 

7’ 

which agrees with the result of ordinary dillerentiation. And 
if and r be both negative integers, then 

~7l. — M — I . . . to ^ 1 

n = r — — , = cv> or 5 — 

r r—n*i — 77 — 1. .. to I or go 

CO holding when /• is equal to or greater than «, and the finite 
value when This too is perfectly consistent with the 

common integration ; for our theorem must of course give un- 
corrected integrals. Thus in the well-known the com- 
mon value log a: is not the natural but a corrected value. 


♦ This theorem, by changing differentials into integrals by a mere change 
rtf the sigh of the exponent of the order, would induce us to term what 
we call integration, negative differentiation. 

The 
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\ jP 

The natural value is — = cva ; but if this be con-ected it bc' 

comes x°-a° {l4(»-l)}‘’-a° 

0 “ 0 

l-oO+OCx-O+O^Vx-OH (.r-l)3... 

~ ^ 


which is denominated the log. of j:. 

We may here observe tiiat the properties of logarithms, and 
the same form to the function, would be found, if we seek the 
, form of 4/ so that 

may be = (II) 

generally. For changing n into ± m and adding we have 


4/.a’^ + 4;. j: — (n 4: 

= (n i w)4'‘r = (I) 


Putting therefore ^ and 2 ; = which, since in and n may 
be any independent quantities, may allow t/ and z the utmost 
independence, we find 

4'3/ H“4'^ = 4''.^^ tind 4'i/“"4'^= 4'* \ 

Moreover, differentiating (H) we get 

JC }J/\v = = 07 °. 4 / . 07 °= 4 ' . 1 = 

and consequently 4' *^’ ^ “7 

which is the well-known form of the differential coefficient of 
a X log 07. From the assumed (11) it follows when « = 0 
that 4'* 1 = 0 ; and the other principal properties of logarithms 
are evidently contained in (I), (K), (L). 

If we investigate the problem under the still more general 

form of 4'- == 4'/ 

and search the relation of the functions 4'> 4^/ " e should arrive 
at the same conclusion. 

But to return : if 72 be a positive integer and r any non-in^ 

teger, A^. O” is finite and infinite, and of course 

nr = 0. Therefore, any non-integi^al dijfh-ential of a positive 
integral pamer is nothing. This curious property of fractional 
differentials may be otherwise proved, but my limits will not 
dlow of minutiae. 

If n be a non-integer and n— r a positive integer, the nu- 
merator of (9) is infinite, the denominator finite ; and there- 
fore 7^ =/co. It 



and General Differeniiation and Integratim. S29 
It is also obvious from iw in (9) that 

a well-known property. 

I have before observed that our formula (9) gives only the 
uncorrected integral. If the correct and complete integral be 
sought when r is an integer it will be 

d" + aod}-\3^ + (12) 

in which . . are the arbitrary constants. And if r be 

a rational fraction = the complete integral will be 

W mrS ^ 

d * * .-r®. . . (13) 

the arbitrary constants being such, if* the problem requires it, 
as to neutralize the fractional differentiation on the integer 
power 0. We must therefore in considering (13) regard the 
several orders of d as referring to the powers of a: only, and 
the numeral coefficients as comprehended in the arbitrary con- 
stants. This remark is of considerable importance towards a 
right understanding of the import of (13). It would other- 
wise appear that a successive differentiation of the order to 

• * 

— , which successively nulls the right hand terms and ulti- 
mately leaves as it should = is different from a single dif- 
ferentiation of the order ; whereas it ought to be and in- 
deed is the same. For the ^ differential of any term the 

a jrf * * . or® is actually 

m wt— -y ^ TO— -y m 

d * a^_ , rf " '* • J?® = id » d » . X® 

— 1 

which, since by our preceding </ * . = 0 and a^d * . 

is finite, is null. 

Hence it appears that the complete ^th integral of any sim- 
ple quantity consists of as many terms as there are units 
plus one in the numerator of the order r, the order being in 
its lowest terms. Therefore when the order is irrational or 
imaginary the number of terms is infinite. 

We may now easily deduce some interesting properties of 
the series (3) and (5), and show how to approximate to the 

fi n 

value of the ratio V ; - when the factors run on to in- 

A . 0 

Vol. 65. No. 325. Aftry 1825. T t finitj 
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finity with unequal terms : we may also, from the develop- 
ments of 

[x^y] }♦ (14) 

yand ^ implying any functions whatever and diffe- 

rentials respectively relative to x andy, deduce some valu- 
able consequences; but such speculations, to do them justice, 
would much surpass the reasonable limits of a mere sketch 
like this. 1 shall therefore now merely develop d'"’* and 

proceed to general differences. Suppose in (14) y’d = 
and f (^»y) = x^ then by our demonstration of the bino- 
mial theorem 

d r • O-r ... (15) 

..fwl ^ ^ — »w8 OP 

whatever be the value of r, supposing dx^l* If rs= 1 the 
^pression coincides with Bernouille’s. This is the natural 
integral; if the complete be sought it is found by merely adding 
the correction of (12) or (13), as r may be an integer or frac- 
tion to (15). This is the complete integral of any function 
of X whatever be its order found in the successive differentials 
of the mven function. It however depends on the form of 
whether this expression be very useful* Other and much 

more serviceable formulae might be given, by considering the 
function as of two variables ; but as they would lead me into 
discussions foreign to my present olnect, which chiefly re- 
spects non-integral differentiation, I snail not swell the paper 
with them. 

On General Differences, 

When the order of the difference is a positive integer, the 
formula (4) is probably as good as any that could well be 
mven ; but if the order be fractional or negative it is better to 
nave recourse to (6) or (7). For instance, n being negative 
we have 


V 

,X ss 


T t 




\ii+ 1 


+•3 


jr4S ^ » 
t A\x 


(16) 


(j-1)’ ■ ' ""(j-i)"** 

'when P = 1. -But in this case it is. obvious that all the mem- 
bers become infinite. Now I have already observed in n^^ 
tive differentially that the integrals obtained by our process 
are uncorrected. The same is also true in negative difie- 
rences. If we therefore partially correct the preceding ex- 
pression by differentiating each term with respect to < m the 


I here employ 2^, 3 ^^ , 


► to signify the binomial CQcfiidlents. 


luimerator 
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numerator and denominator, until the exponents in the deno- 
minator are reduced to 0, we shall have 

3 




(n+l) 


A.d? + 




n+1 


('»+a)n+8 


A*.4r..(17) 


employing the same notation for the differential coefficients as 
before, and ultimately putting ^ s 1. This expression, it is 
evident, always terminates when t; is a whole positive num- 
ber. It however depends on the properties of the differential 
numeral coefficients whether the value of the formula be no- 
thing, finite, or infinite; but having considered these at some 
length in the general differentiation it would be tedious to go 
through a repetition in an application of them in this place. 
Most of the properties are very similar to and coincide with 

those for the integration of j?®, when n is a non-integer. If n 
be an integer, then 


— n t> 

A .X 


^ ^ rt 


_jirJ±iA./+3 


• Ur ••• 


This expression terminates when v is a positive integer 
whatever be the value of «r, and alsoSvhen 4 : is an integer 
from <w— 1 to — cv whatever be the value of w; a property 
that I have not noticed in any other theorem for integration 
I have yet met with, and which may obviously be ap^ied to 
some curious purposes. 

The formula (18), though partially corrected, gives not the 
complete integral. What we have done is only to bring it 
from an infinite to a finite value. To have the complete m- 
tegral difference requires a correction with the inferior na- 
tural integrals, similar to the correction in the negative di^ 
rential. The complete integral is therefore 


A V . A A— n o , . 

A .X H-a^A .x^-{-a^A 


2-n 


3-n 


Precisely analogous to (13) comes out 


when n is an integer ^ ^ , 

likewise the complete integral difference when n is a fraction; 
and I therefore think it unnecessary to give it. 

The transformation in (6) or (7) applies equally well whether 

we take or any function whatever of x» Therefore by 
(17), (18), and (19) we shall have 

AV+...(20) 


=s 


.2 ttSslAu +S 


the natural integral for any value of n; and 


A —a 

A 


ar..4P— n-Hl 






Tt2 


A«, + . 


( 21 ) 

the 
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tlie natural Integral when n is a whole number; and 

A*~’*2!(pS=(21) + «o A ^ ”.ir® + niA^ 

the complete integral n being a whole number. 


Should A « =f — — we shall have 

a * 


A ^ 2 A a ...{23) 

for the natural integral when w is a whole number and the 
common difference = a. And because 




fu = 

X Q- 

if in (23) we put a =s 0 we find 


d — n 

U =r 


» 11+ r 

_!_« +2„_f 


= A, 


du + 3„ 


X 


(25) 


1.2.,.(n + 2) 

w^ich coincides with (15) when r = « = a whole number. 

We see from (24) and (25) that the calculus of differences, 
and the differential calculus are not merely similar, but one 
and the same in principle; the differences in the one case be- 
ing foite and in the outer nothing. Hence the reason of the 
strong similarity in the processes, though it should be ob- , 
served that what is usually understood by the method of dif- 
ferences is in feet the calculus of functions. 

It would be superfluous to make any observations on the re- 
markable simplicity and generality of these formulae. Nor 
can it ^ expected that I should here notice the variety of 
purposes to which the double liability of (21) and (23) to ter- 
minate may be applied. These speculations may probably 
■ form a part of what I may have to say of the calculus to which 
I have already alluded. 


LIV. Some Notices concerning the Plants of various Parts qf 
■ India ; and concerning the Sanscrita Names of those Regions. 
By Francis Hamilton, M..D. F.R.S. F.A.S. t/ind, and 
Edin.* 

A S it is my intention soon to publish, in various works on 
- Natur^ History, the observation; on the Botany of India: 
which I made during my residence there^, I wish to place on 
record importunities which I enjoyed of 

mating such observations, wiui the view of explaining to the 
botanS where he may find the vpriouis rollections which I 

* FVom the EUin, Pbll. Ttans. vol. s. part I. 

made 
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made in different parts. I also wish to explain the geogra^ 
phical terms that 1 shall employ in giving an account of the 
places where I found each species. S"or this purpose I prefer 
using the ancient Sanscrita names, both as being more scien-* 
tiffc, and as being more likely to remain permanent; for, after 
a lapse of many ages, they continue to be known to all Hindus 
of learning, while each new invasion or revolution sinks into 
immediate oblivion the mushroom appellations imposed by 
modern rulers, whether Muhammedans or Christians. 

Immediately after my appointment to the Company’s ser- 
vice on the Bengal establishment, 1 was sent with Captain 
Symes to the court of Ava, and, during the year 1795, 1 had 
an opportunity of seeing somewhat of the Andaman islands, 
with a good deal of the kingdoms of Pegu and Ava. The 
plants of the Andaman islands are nearly similar to those of 
Chatigang, of which 1 shall give a more full account. Those 
of Pegu nearly resemble those of the southern and eastern 
})nrts of Bengal, while those of Ava bear a stronger resem- 
blance to the productions of Mysore. The reason of this 
seems to be, that the territory of Pegu enjoys much more co- 
pious rains than Ava, which, like the southern parts of what 
we call Hindustan, is a parched country, and, in order to 
bring rice to maturity, reouires artificial irrigation by means, 
of reservoirs or canals. On the way, however, between Pegu 
and Ava, where we approach the mountains bordering Arakan. 
on the east, we had a vegetation much resembling that of 
Chatigang and of the mountains extending from thence along 
the eastern frontier of Bengal, which wiu be afterwards de- 
scribed. The plants which I collected during this journey 
were transmitted, together with a good many drawii^s, to the 
Court of Directors, and were given to Sir Joseph Banks, in 
whose collection they probably remain ; but copies of most of 
the drawings, partly coloured, wei’e preserved by me and de- 
posited in the Company’s library. I also preserved a copy of 
the notes, which I took on the spot, and this will be found in. 
the same collection. 

In 1796, 1797, and part of 1798 I was stationed at Lukbi- 
pur, in the south-eastern part of Bengal, and in the ancient 
kin^om of Tripura. My time was there much occupied in 
describing the fishes of the country; but I took many descrip- 
tions of plants, which are also deposited in the Compan/a 
library ; hut I did not presetve specimens. I correspond^ 
however, ver/frewendy with' Dr. Roxburgh, and transmitted 
to him whatever he thought would be acceptable, learning at 
the same time what Imth he and Keenig called various phmts. 

In spring 1798, by tlie desire of the Board of Trade at 

Calcutta, 
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Calcutta} I visited the district of Chatigang, which, together 
with Chat of Komila, formed the chief part of the ancient ki^- 
dom of Tripura; and I afterwards skirted the hills of Komim, 
where the tribe of Tripura still maintains a kind of indepen- 
dence. Here 1 had a full opportunity of examining the splendid 
vegetaticm of the well watered districts of Further India 
tra Gangem)f which bounds the extensive Gangetic plain on 
the east, and extends south from what we call China to .the 
ocean. It must be observed, however, that this Further India, 
as it has been called, is the proper China of the Hindus, from 
whom we derived the word, while what we name the Chinese 
empire, the Hindus call Maha China, or the Great China. 

The largest portion of this Further India, or Southern China, 
is mountainous and well watered ; but its mountains no where 
rise to an alpine elevation, and, owing to a copious supply of 
moisture, and a deep soil, are, in general, covered to the sum- 
mit with lofty forests. I have already mentioned that a great 
part of the proper kingdoms of Pegu and Ava differs a good 
deal from the general appearance of the neighbouring countries, 
die former resembling more the southern ^ains of Bengal, and 
the latter the southern peninsula of India ; but by far the greater 
portion of this Further India, in its vegetable productions, re- 
semUes ChatigaUg; and what Rumphius called India Aquosa^ 
or the immense Eastern Archipelago, including the Andaman 
and Nicobar islands, may be considered as belonging to the 
same vegetable arrangement. Of this the most prominent 
feature is a tendency in trees of- considerable size to twine 
round others, forming thus forests almost totally impervious. 
These twining trees, me Panes sylvestris of Rumphius, are often 
thicker than the human body, and extend to great distances, 
overwhelming the most lofty and vigorous woods; and so 
strong is the tendency to this kind of vegetation, that some 
even of the Palma {Calamasy L.), a tribe in general remarkable 
for erect stiffness, are here climbers, and, alter overtopping the 
highest trees, again drop branches to the earth, wnich take 
root, and climb up the trees that are adjacent; and thus, with 
other thicker, though less powerfully armed climbers, form a 
mat whidi b^mes almost impenetrable. This lliick vegeta^ 
tion produces a ddigfatftil coolness, and preserves a moisture 
that encourage the growth of numerous and beautiful parasi- 
tical plants, PiliceSf Aroidea^ and Orchidea; but renders the 
climate rather sickly to constitutions unaccustomed to such a 
moisture. In this nne r^on, the valleys between the hills 
are uncommonly fertile and^ being well watered, produce 
abundant crops of rioe^ the grand source of nourishment for 
t^ inhabitants, although the tuberous Aroideaand Dioscoreas^ 

both 
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both very nutritious, may be considered as the proper odiipring 
of this territory, where they thrive with an uncommon vigour 
and variety. In this country, even the unoccupied wastes have 
a luxuriance of vegetation that renders them almost equally 
impervious with the forests ; and grasses, mostly of the genus 
Saccharum^ shoot up with a prodigious luxuriance and uiick- 
ness. The^ generally exceed six feet in height, and often 
reach to twice that elevation. 

The trees that are most common in this territory are of 
the orders of Urtica^ Euphorbue^ Terebinthaceee^ Magnolia, 
Melice, Guttifera, Sapota, Vitices, and Eleagni, and, to- 
gether with the Palma, Bambusa and climbers, form the 
great features of vegetation, which are of a totally exotic ap- 
pearance to the European, having scarcely any thmg to recall 
the memory of his native scenery; yet still highly pleasing, 
not only from their novelty, but also from their beauty and 
grandeur. Notwithstanding this great difference of general 
appearance, several of the trees have an affinity with tnose of 
Europe, and the woods contain an JBsculus, and several Querci 
and Coniferi. 

The specimens which I collected during this journey were 
transmitted to Sir Joseph Banks, in whose collection I saw 
them in the year 1806, and there they no doubt will still be 
found. 

Soon after my return from Chatigang, I was removed to 
Baruipur, a station near Calcutta, \mere I chiefly employed 
my leisure in describing fishes. Still, however, 1 continued 
to collect whatever appeared rare for Dr. Roxburgh, especially 
during several journeys which I made through tlie great forests 
that occupy the islands formed by the estuaries of the Ganges. 
These dreary woods, half inundated by the tides, and skreened 
by banks of offensive mud, afibrd but little scope to the bo- 
tanist. The variety of vegetables which they contain is by no 
means great ; and the danger in attempting to collect them, 
by landing where tigers are so numerous and ravenous, is very 
great. 

I believe, however, that in various ioumeys which I made 
between Calcutta and Lukhipur, and from Baruipur, through 
these woods and islands, fomungpart of the ancient kingdoms 
of Vanga, Upavanga, and Ang^ 1 had an opTOrtunity of 
describing most of their ve^table productions. Mangroves, 
of various kinds, mcluding JEgiceras, Avicetmia^ 

Smneratia, mkHeritiera^ especially the latter, form the predo- 
minant feature of these woods; but they are ornaments with 
curious Convolvtdacea and Apocineay with many parasitical 

' Filices, 



8S6 Dr, Hamilton on the Plants of various Parts of India. 

Pilicis$ and some elegant Lycopodhons and Licfms^. not re- 
markable indeed for variety, but of great size arid beauty. 

The cultivated parts of this Delta of the Ganges, as it has 
been called, are not more favourable to the botanist than the 
wastes. The plough or hoe occupies almost ever;;^ spot, one 
rice-field succeeds another; and the hoilsris are buried among 
groves of Mangifera^ Artocarpm^ and JSamlusai intermixed 
with Palmce^ and a,re only kept above water by being raised on 
the banks thrown up by digging ponds. In this territory the 
wastes are generally covered with reedy grasses, almost as 
lofty as those of Tripura. The whole aspect, indeed, of the 
country and of its vegetation, is strange and foreign to an Eu- 
ropean, unless to a Hollander. For four months in the year 
every field swarms with fish, and at all times the only convey- 
ance is by boats. 

During my stay in this part of the country, I made few. 
botanical observations, except by communications with Dr. 
Koxburgh. I however transmitted a few descriptions and 
drawings to Sir James Edward Smith, with whom they still 
remain. 

During the year 1800 I was employed by the Marquis 
Wellesley to examine the state of the country which he had 
lately taken from Tippoo Sultan, and of the province which 
Europeans call Malabar. I landed at Madras (Chinapatana 
of the natives), and travelled through the territory belonging 
then to the nabob of Arcot, whi^ Europeans call the Car- 
natic, but it is the Draveda of the Hindus, bounded on the 
south, at the mouth of the Kaveri, by Chola, which Europeans 
call Tanjore, and to the north by Andhra, the ' sea-coast of 
which by Europeans is usually called the Circars,. as having 
once been diviaed into five districts (Circar), which were early 
ceded to Europeans by the Muhammedan princes of Andhra 
or Tailingana. The coasts of Chola, Draveda, and Andhra 
are usuauy included by Europeans under the denomination 
of Coromandel, a name totally unknown to the natives, who 
consider it as English, and from which we have s^veraf plstnts 
named as from the English* word liiadras, 

with the addition of Patana (city), we have as 

V plants grew in ^the streets. B<^ names should be^^aVoified 
as incoriveniently long, as well as devoid of meaning, in any 
langu^. ^ 

^ foaving Draveda, and ascending tp the elevated region 
lal^*^ Ij^der the doihinipn of Tippop Sultan, I entered the 
aridenV, ^Hindoo temtoryi c^ted by them K^rnata (t^atind 
Cari{4te),.byt usually known to Europeans by Itbe name of 

Mysore, 
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Mysore, from the town where its princes for some generations 
resided. Having examined this and the skirts of the interior 
of Andhra, I descended again to the low country by the south, 
and examined tlie country west from Chola, which the natives 
call Chera or Cheda, but which £uropeai)s, from a town in i^ 
call Coimbetore (Coiamatura). Chera as well as Chola is 
bounded on tlie south by the country which the natives call 
Pandiya, extending from near the Kaveri to the Southern 
Ocean. Tlie northern parts of this towards Chera I had an 
opportunity of examining. The vegetation of all these coun- 
tries is nearly similar. The elevation of Mysore above the 
others,' although probably about 3000 feet of perpendicular 

a lt, produces no great change. The temjierature is no 
t soinewliat lower, and more agreeable to fcurojiean feel- 
ings ; but the aspect of the upper country is not materially 
different from that of the lower. Both labour under a scarcity 
of rain, so that artificial irrigation from reservoirs or canals is 
necessary for the production of rice, which, in the low country 
especially, is the staple article of food, although both there 
and in the higW country the rainy season produces crops of 
miserable small grains, (such as Rleusine Corocanus^ ‘PanicuM 
Italicum^ wod Panicum miliaceum^) that are used by the natives 
as a succedaneum for rice. These crops have little of an Eu- 
ropean appearance ; nor do the orchards and gardens heighten 
the resemblance, The fruit-trees round the villages consist 
chiefly of the Mang^fera^ Citrus^ Bassia, Artocarpus^ Eugenia^ 
Elate^ and BotasstiSj while the kitchen^ardens require to 
be watered by machinery from wells. The general appear- 
ance of the country is sterile, the rock projecting in a great 
many places, while during the greater part of the year the 
grass is entirely parched up from want of moisture ; and even 
m the rainy season the grass is not longer than is usual in 
Europe. In the woods the trees are still more stunted than 
those of Europe, and consist in a large proportion of wild 
prickly dates (^Elate ^Ivestvis) and BambiistSy with trees of the 
Leguminosee^ especially such as have prickles, and of the 
Rhamiki. Even the thickets consist chiefly of bushes of the 
uud of the Rhanini and Caparides^ almo^ all 
armrf with prickles or thorns, while the fences are chiefly of 
neke&Eupkorbiie {Aniiquarum and Tirucallt). The most com- 
mon trees, besides iheLegpminosee and BJiamniy belong to tlie 
tribe oiEleagni and the genus Gremia: and the most com- 
mon herbage consists of small Cppem&y Scirpus, Ar^ropopn^ 
Convcividac€(B^ AmMkacea^ oxiA Leguminosa^ especially 
kai^, Crot6laria,jmd Indigoferas so that the vef,^tables have 
little in comm^ with those of Europe, especially of its northern 
Vol. 65: No; 325. Map 1825. U u parts. 
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K ’yV^lh the more barren parts ofsoutliern Europe there 
re resemblmiice, the Rhamni and Caparides being com- 
mon to both. 

: After examining these countries of rigid vegetation^ as it 
may . be called^ 1 passed through the gap m the Animaliya, or 
Elmhant Mountains, and ehtei^ the provinee called Mmabar 
by Europeans, but Kserula and Malayala by the natives. These, 
irid^d, consider Malabar as an English word, meaning the 
Sshole sea-coast between Gape Comorin and Surat, which seems 
to be' the fkct. We ought, therefore, to call the province of 
Malabar by one or other of the native appellations. The 
territory called Kmrula by die natives extends from the 
southern extremity of India to almost the latitude of 12^ de- 
grees north:' but this includes a portion of the English pro- 
vince of Canara; and it extends from the summits of the 
mountains to the sea. In its vegetable productions and ap- 
pearance 'it more resembles Chatigang and the mountains 
of FarUier Indisr than the adjacent territory of rigid vegeta- 
tion ; but it is better cultivated, contains more plantations, 
especially of Pahnie^ and, the rock projecting more, the vege- 
tation is not quite so luxuriant. It has, however, perhaps stilt 
less of an European appearance, none of the Amentace^e nor 
Conifera being found in its* woods. The Dutch, however, 
have introduced many fine trees from the Eastern Islands,^ and 
the Portuguese some from the W^est Indies, both of which 
give a considerable variety to its plantations ; and few countries 
possess a vegetation so elegant, prospects more grand and 
beautiful, and a climate more genial ; its highest mountains, 
although of considerable lieight, perhaps 6000 feet perpendi- 
cular, have nothing of an alpine appearance, but produce a 
moisture and coolness that extends a moi*e vigorous vegeta- 
tion to the adjacent country above. 

Nearly connected with Kaerula, and little different from it 
ifi vegetable productions, is Ceylon, the Taprobana of the Ro- 
mans and the Lanka of the ancient Hindus. In 1815, I had 
an opportunity of a cursory examination of its southern end,, 
a^d saw sufficient to indicate that in general aspect at liwt it 
does not materially differ from Malayala. 

North from Kmrula, and, as I have said, including a portmrr 
of it, is the extensive English pmvince of Canara, a word of 
doubtful origin, and supposed by the natives to be English. 
The Hindus divided it into four territories : Ist, Part orKae- 
puhk or Malayala, extending to about 12^ 2S' north latitude; 
2d, Tulava, extending from thence to about 13® 35' N.^ Sd, 
Halva or H.aiga, extending to about H® 38' N.; and 4th, Kan- 
kana (Latine Cancana)^ extending to the Portuguese territory 
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of Goa ; but this, as well as all the sea-eoast to near Bombay, 
are included in the territory which the Hindus call Kankaca. 
These countries, like Malayala, extend frOin the summit of the 
mountains to the sea, and scarcely difler in a})pearance or ve- 
getable productions from that territory ; but they are rather 
hotter and drier, and their vegetation is rather less vigorous, 
approaching more nearly to the rigid tlvorny nature of that 
prevailiug towards the east. 

The s))eci mens of plants which I procured during this jour- 
ney suffered much by the carelessness of those who were en- 
trusted in conveying them from the sliip to Ctilcutta ; but such 
as they were, they were given to Sir Jaimes Edward Smith, to- 
gether with a good many drawings, and both remain in his 
collection. The notes which I took have been deposited in 
tile Company’s library. Some duplicate specimens were given 
to A. B. Lambert, Esq. ; and I think that Sir James Edward 
Smith has a copy of tlie notes : of this, however, I am not 
certain. 

Soon after my return from die south of India, I was sent to 
Nepal along with the- embassy conducted by Captain Knox. 
Having proceeded by water to Patna, 1 passed by easy stages 
and with many halts through the uuciciit territory of Besala, 
now called Sarun ; and through a portion of Mithila, now called 
Tirhut. There I cfircfully examined and collected such plants 
as were in flower; and, on the 1st of April 1802, I ascended 
into Nepal, where I remained nearly twelve months, delighted 
with the variety, beauty and grantleiir of its vegetable pro- 
ductions, of which 1 procured many specimens, descriptions 
and drawings; all of which I gave to Sir Jainestklwiu’d Smitli, 
only reserving specimens, where there were duplicates, for 
Mr. Lambert. I afterwards had an opportuiiitv of procuring 
many specimens from the same quarter, and of making many 
observations on these plants, which I may ha.ve occasion to 
use under the disagreeable circumstance that I may have de- 
scribed . the same plant under difterent names, among those 
given to James Edward Smitli, and among those which I af- 
terwards procured ; but under the circumstances already men- 
tion^ this w'as unavoidable. For an account of the appear- 
ance, of. the vegetables in this iuterestiim region I may refer 
to the account of Nepal w'hich I have pimlished. 

Soon after my return to Calcutta in 1803, 1 was appointed 
surgeon to the Governor-general; and the leisure 1 then had 
for tlie study of natural history was chiefly employed in supers 
intending the menagerie fommed by the Marquis Wellesley; 
and in describing the animals Uiere collected. I returned to 
England with this distinguished nobleman in the end of 180/5, 

Uii2 and 
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aiicl in isbs was appointed by the Court of Directors to make 
a litatistical surv^ of the territoiy under the presidencjr of 
Fort Williani, usually in Europe called Bengal ; but containing 
many extensive regions besides Bengal, taking that even in the 
most extended sense of the Mogiil province of the name; for 
in Hindu geography, Vanga, ffom whence Bengal is a cor- 
ruption, is apinied to only the eastern portion of the Delta of 
the Ganges, as Upavangn is to the centre of this territory, and 
Angga to its western limits. 

Icommenced this surve}' after the rainy season of 1807, with 
the English district of Dinageporc (Dinajpura), forming part 
of the ancient kingdom of Matsiya, bounded hy the IVlanan- 
anda on the west, by the Korataiya f Latine Corat^a) on the 
east, by the mountains on the north, and by the Padma or 
eastern branch of the Ganges on the south. This district is 
not very favourable for the botanist, being in general highly cul- 
tivated ; but its southern parts, especidly round the ancient 
city of Purua are woody, and yielded a considerable increase 
to my collection. 

In spring 1808, having finished the survey of Dinage- 
pore, I passed through the English district of Rungpur (Rang- 
gapur), the Kammpa of the ancient Hindus ; and having 
examined the north-eastern wastes of that territory, wliere I 
added much to my botanical stores, 1 halted for the rainy sea- 
son at Goyalpara (Latine Goaipara)* This place, situated at 
the northern extremity of the mountainous district which 
bounds the Gangetic ])lain on the east, afforded me most am- 
ple employment as a botanist, producing a variety of beautiful 
and rare plants, almost equal to that of Nepal; and, witli my 
joiimeys to Ava and Chatigang, enabled me to form a proper 
estimate of the vegetable producrions of Farther India {tdtra 
Odngem\ the China of the Hindus, and which I have already 
described. , 

With the fair weather of 1808 I recommenced the survey 
of the Rungpur district, where I found an excellent field for 
a botanist, as it contains many wastes. As the rainy season 
of 1809 approached, I retired to a house near the town of 
Rungpur, and there continued in a situation not Very fkvour- 
able for a bota'nist, iHitil 1 had time left only to convey iti^ to 
Purneah ( Puraniya), ' before the fair weatl^r of 1809 should 
Commence. 

The English jurisdiction of Pumeah (Latine jREiraa/tf)'fonns 
ia part of the ancient Hindu kingdom of Mithila, with a small 
portion of Angga around the rums of Gaur; but my journey 
during the dry season added little to my botanical stores. 
This, however, was amply recompensed by my stay, during the 

rainy 
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raiiw season 1810, at Natlipur, on the frontier of the Kiratas, 
or Ciratas, subject to Nepal; from whence, as well as from the 
forests in the northern parts of Mithila, 1 procured a great 
variety of rare and curious plants. 

In autumn 1810, so sopa as dbie weather cleared, 1 proceeded 
to the district of Boglipore (Bhagulpur), the eastern part of 
which is included in the ancient Hindu kin^om of Anggo, 
while its western portion is in Magadha ; and the portion on 
the northern banks of the Ganges is partly in Angga, partly 
in Mithila. The greater portion of this mstrict being waste, 
was very favourable to me as a botanist; and I bad nere an 
opportunity of extending my knowledge of the rigid vegeta- 
tion of the Vindhiyau mountains, whiw the Hindus consider 
as bounding the Oangetic plains on the south, and as. extend- 
ing from the southern banks of the Ganges to the Southern 
Ocean. These hills are here much lower than the parts of 
the same mass which 1 examined in the south ; but their ve- 
getable productions are nearly the same, and have a similar 
rigid thorny appearance; but, the rains being more copious, 
the vegetation is not quite so much stunted, alUiough it is very 
far from being so luxuriant as that towards the east or north. . 

The rainy season 1811 1 passed at Mungga, where the 
vicinity of the hills gave me a considerable increase to my 
stock of plants, and I employed a Hindu physician, not de- 
ficient in learning, to point out the plants which he considered 
officinal, and to give me both their l^nscrita and Hindu names, 
which I compared with those given to the same plants by the 
ignorant people who collect and vend drugs. 

. In the following dry season 1811-12 I examined the juris- 
dictions subject to the magistrates of the cities of Patna and 
Gaya, both included in the ancient kingdom of Magadha, 
which for many centuries before the Munaitimedan invasion 
was considered the chief seat of Hindu power and glory, so 
that its princes were indifihrently called kings of Magadha and 
ofBharatkaiida, or the Land of Virtue, the paine by which the 
Hindus fondly ca)l the , territory occupied by their race, the 
'descendants of Brahma. In these districts I had a further 
cipportunity of making.myself acquainted with the rigid yege<« 
'tauoii of tbeVindhiyan mduhtams, and, during my stay at 
' Patna, in the rainy season 1812, 1 extended my knowledjjp of 
the officinal plants of India, by consulting the same physician 
and the druggists of Patna. , 

In the dry 1812-13^. ][ examined the jurisdiction un- 

der the magistrate of l^ahabad,; forming a great part of the 
ancient Hindu kingdom of Kikata (Latin^ Ctcata)\ and h^e 
I completed my knowledge of the vegetation of the Vindhiyan 

mountains, 
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mountains, which, the further west 1 proceeded, rose to a 
greater elevation, were more rocky, and communicated to their 
vegetation more and more of the rigid and thorny nature of 
that produced on the arid UIls and mountains of Draveda, 
Kamata^ and Chera. 

Soon after the rainy season of 1813 commenced, I embarked 
atCbunar,and proceeded up the Ganges and Yamuna 
Plinii) or Jumna to Agra; and thus had an opportunity of 
examining tlie plants on the banks of tliesc rivers, passing 
along a portion of the ancient kingdom of Malava (Maiwa) on 
the east of the Yamuna river, near the Km{Cainas Plinii) and 
Chumbul rivers, and then proceeding through the centre of 
the ancient kingdom of Kuru, which, in the earlier part of 
the Hindu government, w’as the chief seat of power and glory, 
restored to it afterwards by the Muhammedan conquest, and 
only lately restored to Angga by British valour and prudence ; 
for in the time of Alexander, Angga was no doubt the chief 
seat of Hindu power, as Palibothra seems to have been seated 
opposite to Rajaraahal, in Angga, although on the skirls of 
M wadha, which in latter times was the great seat of authority.. 

Before the end of the rainy season 1 returned down the 
rivers, and ascending the Gagra, entered the district of Go- 
rakhpur, forming a considerable portion of Cosala, the ter- 
ritory of the poMrerful Family of the Sun, who reigned at 
Oude (Ayudhiya). During the dry season 1813-14 I re- 
mained in the aistrict of Gorakhpur, where I made large ad- 
ditions to my botanical observations, both from the forests of 
the country, and from the neighbouring parts of Nepal, from 
whence I procured many plants. 

When the rainy season commenced I again embarked, and 
proceeded up the Ganges to Futehgar, where I had again an 
opportunity of examining the vegetable productions of the 
ancient kingdom of Kuru, throng the centre of which the 
Ganges passes ; for it includes both banks of the Ganges and 
Yamuna, being bounded on the east by Kosala, and on the 
west by Pangciiala, now called the Punjab, or the country 
watered by the five rivers joining the Indus from the north- 
east, , 

Having thus examined a considerable portion ojT/ the 
Gangetic plain, always considered the proper seat of the 
race, descended from a colony of civilised persons ci^ling 
themselves sons of Brahma, who in the earliest ages setd^ at 
Vithora {Betom' Rennell), and' gradually extended their power 
over what is now called Hindustan, 1 shall proceed to give 
some general account of the vegetation of this fertile tract, 

whiehi without any thing that can be called a hill, extends 

/ . . . 
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from the Indus to the Eastern Ocean, and from the Vindhiyad 
to the Flimaliya mountains. ^ 

This plain, extending in lengtih about fourteen degrees of 
longitude, in the middle latitude of 25^ and in breadm from 
two to four degrees of latitude, seems to derive a large pro- 
portion of its vegetation from the neighbouring hills; but 
grasses, especially 'Bamhusa^ Sacchamm^ Andropogon^ Apluda^ 
and Panicumy together with the allied tribes of Cpperoidecei 
form a larger ana more marked feature than trees or shrubs. 
On the whole, the rigid and thorny vegetation of the Vindhiyan 
mountains seems more suited for the plain than tlie more or- 
namental vegetation of either the Eastern or Himaliya moun- 
tains. Near both these, however, their plants have made con- 
siderable encroachments, and communicate a change of ap- 
pearance to the adjacent plains, especially towards the east, 
where the air is vastly cooler and moister tlian further w’est.. 

I have already mentioned the appearance of the Gangetic 
Delta, which on the whole has a strange and exotic appear- 
ance to the European traveller. As we advance, however, to 
the north, and still more as we proceed west, notwithstanding 
the intense heats of the summer, the vegetation appears more 
of an accustomed form. Wheat, barley, pease and rape-seed 
form by far tlie largest proportion of the crops, and we ob- 
serve fields of potatoes and carrots, while the Palmce and Bam^ 
b%is(e disappear from the plantations; and the gardens pro-, 
duce the vine, the fig, the apple, and the plum, with many 
flowers common in Europe, and the thickets contain much of 
the wild rose. Still, however, even in Kuru, the Mangifei a^ the 
Eugenia^ the CdlypU'anthes^ the Fid {religiosa and bengalensis)^ 
the Rhamni^ and the exotic crops produced in the rainy season 
[Onjza, Holcne^ Paniam^ Pasimlum^ Dolicho$\ with the want of 
the Conifet'cv and Amentaceee in the plantations, remind us suffi- 
ciently that we are not in .Europe. 

I now was exhausted by a long continued exertion, the ob- 
servation of plants maki]ig but a small part of my duty, and I 
required to pass the remainder of my days at peace in my na- 
tive climate, I accordingly returned to Calcutta to prepare 
for my journey; and in the mean time, on the death of Dr. 
Roxl^tgh^ took charge of the botanical garden, having been 
appofiij^d his successor . by the Court of Directors. While 
prepaiing for the journey, I was deprived by the Marquis of 
Hastings of all the botanical drawings which had been made 
under my inspecdon during niy last stay in India, otherwise 
they Would have been deposited, with my other collections, in 
the library at the India House. By this ill-judged act of au- 
thority, univorthy of this nbblcinaif s character, the drawings 

. will 
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will probably be totally lost to die public. To me^ as an in« 
dividual, they were of no value, as I preserve no collection, 
and as I have no occasion to convert them into money. 

In February 1815 I embarked for Europe, and in Septem-* 
ber presented, my whole collections to the Court of . Directors, 
with an order from .the Lords of the Treasury for their being 
delivered free irom duty^ — an order which was granted with 
the utmost liberality and urbanity. 


LV. Outline of general Methods for the Development of certain 
Branches of Analysis. By A CoRRKSpaNDENT. 

. To^ the Editor of the Philosophical Magazine and Journal. 
Sir, 

A LTHOUGH the superiority of analytical methods of in- 
quiry is now generally recoj^nised, and such methods al- 
most universally adopted, it is still frequently to be observed, 
that the change which has thus been effected in many investi- 
gations is more in the mere form than in the spirit. The 
essential character of the algebraic analysis consists in the eic- 
treme generality with whidi it regards every object it con- 
templates. It is this which raises it so infinitely above the in-' 
vestigations of geometry. These are necessarily confined to 
the contemplation of particular cases, and proceed by methods 
which might almost be termed tentative. Now the mere be- 
stowing upon such methods the . appearance of algebraic in- 
vestigation, or the mere substitution of symbolic characters 
fi3r words, does not constitute an analytical procedure. Before 
the subject can partake of the true spirit of analysis, tentative 
methods must be banished entirely — the reasoning as well as 
the result must be generalized — and all the widely different 

E rocesses by which the particular truths of one family were 
^rmerly obtained, must be condensed into one sweeping march 
of symoolic transformations. I have said that this spirit of 
generality is not yet bestowed upon many investigations pro- 
fessedly analytical; and I refer in ^roof oi mv assertion to^tlie 
common modes of treating the arithmetic or sines. .Th$ in- 

2 uirer kads us on, throughout the elementary formula, by an 
Igebraic synthesis,* which like the geometrical appears natural,' 
and is easily followed, so long as it merely regards the ete^ 
mentdry fovmxilBdi but the instant that he passes bqrond the 
mere elements, and attempts to develope the remoter series, 
he is compelled to resort to methods or a varied and tentative 
character; that are quite unknown in a ti^uly analytical in- 

* quiry. 
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quiry. This may perhaps arise from a desire to develope the 
subject in an entirely elementary manner ; but it should be re- 
collected, that the arithmetic ot sines, or any portion of geo-“ 
metry, when treated analytically, is not properly an elementary 
subject. It is decidedly transcendeiital, and the whole re-^ 
sources of the calculus may be legitimately applied in its de- 
velopment. If it be conceived that such a mrae would render 
one important part of practical mathematics of difficult ac- 
quisition, I answer, that practical subjects, considered as suckj 
must always be developed in a manner correspondingly ele- 
mentary ; but if they are considered as portions of science^ there 
is no reason why they should not take the places which of 
right belong to them in the course of its regular development 
The fact that mechanics must be taught in as elementary a 
manner as possible, in many institutions in this kingdom for 
instance, is no argument against the importance of fliose re- 
fined analytical investigations of the doctrines of equilibrium 
and motion : and neimer should a similar necessity deprive 
geometry of a similar treatment If then two grand transcen- 
dental subjects were placed side by side, as they ought to be, 
and alike subjected to the operation of the most recondite as 
well as the most elementary rdations of abstract magnitude, 
then might we expect a renovation in geometry similar to what 
has already been effected in mechanics, and a nnal exclusion of 
every particular or tentative process. It is my intention to 
attempt, in the course of a few papers, to exhibit the renova- 
ting and extending effect of general methods upon the arith- 
metic of sines. I hope to reduce every formula now known in 
this branch of analysis to a particular case of some extensive 
class of expressions, derivable by the mere mechanical modi- 
fication of a still more general method; and thus to enable the 
humblest calculator to develope into series of any form, an in- 
finite variety of finite trigonometric functions, almost as rapidly 
as he can write them down. 

The arithmetic, of sines occurs very early in the course of a 
purely analytical system of geometry. It was . whUe define^ 
ting such a system Aat it .came before me, in the form in which 
I wou]4 present it; and 1 allow it to retwn the marks of its 
origin* by giving it as a, portion of an extensive inquiry. Se- 
veral facts are of course involved, with which the analysis^ of 
the previous equations easily fiiriiished me^: uhd the omission 
of these previous inquiries has compelled me to conform to 
the common m^eff ofwrkingtmore cjlosely then! Would other- 
wise have dpnq. , , * .1 .. . . v • . ; 

The fondamental experirhent which led to the definition of 
Vol. 65. No. 525. May X x ^ in 
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f in the general equation furnishes us immediately with the 
particular one 



If we suppose, for the sake of simplicity, that y is the right 
angle or the unit of angles, and p the unit of lines, we have 

Jl* = ^ X. 

From the same triangle may be obtained in a precisely si- 
milar manner 2 = 4^ x. 

The object of our inquiries is to ascertain the forms of f 
and 4 /. Let us then investigate their factors, or, in other words, 
the values of x that reduce them to zero. It may be easily 
discovered that jr, and consequently 9 x, becomes 0 when, and 
only when, x = 0 

± ^ 

+ St 


i 


and likewise that z or 4^ x vanishes when 


X s= 




Whence 


± 


/-> .&c. 


jf=s^x = a.xjl — . Jl — I • # 1 

8CC. 

. and since 2; or 4^x = 1 when x = 0, we^have I* 


The constant a is evidently the ratio of evanescent x and 
X, which we must therefore determine. Previous investigations 
would have shown us that circular arcs may be adopted for 
angles, and also ^at the angle of a semicircle is a right angle. 
Now if a chord moves round the extremity of a diameter, the 
nearer it approaches the diameter, it the more nearly equals it. 
When the angle formed by them is evanescent, the chord and 
diameter are equal, and the evanescent chord which joins their 
extremities is at right angles to the diameter. But this evanes- 
cent chord is nierdy the ultimate element of the arc : hence is 

the 
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the evanescent arc at right angles to the diameter; and hence 
also must it coincide with the evanescent x or Conse- 

a uently a = 1 . The factorial expressions may, therefore, be 
eveloped into the following series 

= X — A 3 X® 4 - A^x® — + &c. 

4 / 4 ? = 1 — A^x® + A^x* — AgX® + &c. 
where Aj A 3 A, &c. are known functions of ic and numbers. 

The analysis of and might now be deemed complete ; 
but there are evident means of reducing the series to still sim- 
pler forms. The circumstances which regulate the invaria- 
bility of triangles give us the following formula of connexion 
between <p and 4 ^^ which, it is likely, will lead to important 
consequences. 

) ± — ^ I =±( — (1) 

The development of p (x + z) is 

+ + f"x ^ + <f'"x + &c. ( 2 ) 

And it is plain that when tliis series becomes equivalent to 
4 4^ Zj the coefficient of z or x must be equal to zero. This 

is the case when x = 4 ^ 

which expression must therefore include at least one class of 
the factors of 4 ?, or of the series 

1 — 3 A 3 X* 4 5 A^x*-- 7 A;X® 4 &c. 

But it includes all the factors of 4^ x ; and since <p^x and 4^ x 
are similar functions, it now follows that if they differ in any 
respect, 3 A 3 will differ from Aj. An inspection of the known 
composition of these quantities, however, instantly shows us 
that they are equal ; consequently 

ip' X = ^ X 

and by applying this to relation, ( 1 ), we likewise obtain 
4/' 4 ? = -- * X 

These two relations determine all the derivatives of ^ and 
4 ;, and if x is put = 0 in developments similar to development 
{2)i we immediately obtain the simplified series 


* -TTT 

whence the important forms 


x< 

1 .2. 3. 4 . 5 


— &c. 


kX or sin X — 


»I> X or eosx =s • 


^xv-i_e 

~2V^ 


or 
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or if fortthe sake of convenience be put = we have 

2 v' — 1 jm X =s 2 ; 

2 cos X ss « -f z’“^ 

These trigonometric functions being now reduced to ex- 
ponential expressions are of course given^ and their various 
properties may be deduced by mere analytical artifice. It 
were out of place for me to waste a moment’s time in the de- 
duction of the simplest forms of their combination. I shall 
regard them in the course of the following investigations as 
known, and hasten to develope general methods for the disco- 
very of the more distant and difficult formulae. The sine and 
cosine may be combined together into series of an infinite va- 
riety of forms ; but the series whose terms involve either these 
functions of the ascending multiples of the arc, or the ascend- 
ing powers of the functions of the simple arc, occur most fre- 
quently in practice, and are consequently of the highest in- 
terest Let us then in the first place investigate the constitu- 
tion of series of the following forms 

A + B C05 X + C C05 2x -f D cos 3 X + E 4 X + &c. 

A -f B sin X + C sih 2x H- D sm 3 x -f- E s/n 4 x -H &c. 

Happily the investigation does not present the slightest diffi- 
culty. Each term of the two series is reducible to the form 

2 v''Tl N ± (3) 

and the summation of tlie series themselves is thus dependent 
upon the summation of such a series as 

^ 2 ? = A' + B' « + 0 / -f D' «* + &c. 

When the coefficients A, B, C, D form either a recurring 
progression, or are coefficients of any known transcendental 
series, the infinite expressions may be summed at once. A 
variety of random expressions too may be found with equi- 
valent expressions in series. ^ z has merely to represent a 
function of z developeable according to rising integral powers ; 

and if either diminished or increased hy (pz^^^ a slight mo- 
dification of the arising coefficients will give their values 
when the series correspond to given finite trigonometric quan- 
tities* Thus the equivalence of $ 2 ? to and log (1 ± z) 

gives us the seven series 

J sa cos X cos 2 X -h CWS X &C. • 

— I ss cos X + cos 2 X + cos S X &c. 
tan y =5 sin x sin 2x + sin 3 x &c. 

i cot 
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^ cot ~ = siji x -f sm 2 x + 5m 3 x &c. 


^ ± ““ 2 ± I C05 X — I C05 2 x ± f cos 3 x &c. 


X 

T 


stn X — 


sin % X 


JiY-L-&c. 


““ 5 ^ 


=s 5m X 


+ 


sin2x 

5 "- 


+ 


sin 3 X 

“3““ 


+ &c. 


By this simple means, a vast number of different processes 
may be reduced to one transformation; and were proof wanting 
of the simplicity as vrell as unity which an attention to it be- 
stows on many investigations. I vrould compare the above 
with the investigations of the series for log(l + cosx) given 
by Euler and Lacroix in their great works on the Integral 
Calculus. 

But all this is easy and comparatively trifling. The great 
problem before us requires the development of any function 
of z, B^ into a series whose terms are of the form ( 3 ). This 

may evidently be accomplished by decomposing B^ into the 
sum or difference of two similar functions, one of z and the 
other of or by solving the functional equation 
^ X ;jr f z ^ = Bjk 

I will not enter into the general solution in this paper, but 
will prepare the way for several methods of development which 
I mean to explain afterwards by the full consideration of a 
particular case. Let us investigate the general form of * 
when B = 0 ; 

that is, let us determine the two classes of functions which en- 
joy the properties 

^z = — ^ 2 “ 

The flrst of these equations simply indicates that ^ is not 

changed by the substitution of 2“"^ for 2; and since 2“^ and 2 
are convertible into each other by mutual substitution, it is 
plain that this characterizing condition will be fulfilled by sup- 
posing f a symmetrical function of 2 and It is evident 
it can be fulfilled in no other manner* Hence if f represent 
any arbitrary form, we have for a general solution 

♦ ( 4 ) 

Again, f 2 in tihe second equation must for similar reasons be 

a symmetrical function of 2' and 2*"^, multiplied by some pther 
arrangement of them which changes its sign when the quan- 
tities 
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titles are transposed. Whence an equally general solution 
for the second case 


Bv means of these two expressions we may obtain as many 
series as we please of the sines and cosines of multiple arcs 
whose values are 0. But before illustrating the meth^ by any 
particular case, let us see if we can connect with each caw MV 
class of series of a similar description. It is evident that it 
we could derive a series of functions of the character 


where ± ± * ) 


( 6 ) 


we should have a new and extensive order of trigonometric func- 
tions hanging upon each form assumed by D and f o or Not 
to complicate the matter further than is necessary for the pur- 
poses of illustration, let us give D a particular form, and deter- 
mine D" in series by a process which, although particular, 
contains the elements of treatment that will be applicable to 
every case. The values of f z + ^ 2 ”* as characterized in 
equations (4) and (5) are favourable to the determination of D" 
when D is an integral. Let the formula of derivation from 
^ z in the first instance, as characterized by equation (4), be 

therefore (7) 


arising from f^z =f^zdz(pz 

And let us modify ^zdz so that the condition (6) may be ful- 
filled by it Substituting z~^ for z in equation (7) we have 
f^z= f 4'*”^ dz”* p„_j Z-* 


whence _i _i _ix 

^^z ± f^z^ -J'(^zdz(p^_^z ±^z dz ?n_i* J 

where it is evident the requisite condition will be fiilfilled if 

■ ( 8 ) 

Supposing then that 4^2 is thus characterized, the formula of 
derivation becomes 

noting by the constant arising from integration. From 
this formula we immediately derive by successive substitution 
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fifzdz^^ ^1+*^ 

z=zfi^%d%(<p z±(p u c . ^ 

./ \ n-2 n-2 / n-l * ‘ 


f^%dzf^zdz((p z + (p Z )+M 

^ n-3 n-3 n-2 * n-l ‘ ^ 

&C. 


The law of this derivation is immediately obvious, and it may 
be conveniently expressed in an abbreviatory symbolical form. 

If ^ be taken to represent f^zdz^ and c be conceived to 
signify we shall have 


‘ = «„(c+«>) 


where since f 2 — f 2 “^ = 0, u^^c and all higher orders of the 
derivatives of w ^ r must be 0. The double sign may be taken 

from the expression by recollecting that in the case of f 2 “ * 
or it is minus. The formula in its simplest and de- 

finite state is therefore 

(9) 

We have now only to define the constants c. u^ r, ... c. 
This it is plain may be accomplished at once by taking z of 
such a value .r, that *P or f ^ z d z 0\ for we then have in 
general + ‘ (lo) 

from which c may be determined, or at least may be ex- 
pressed in terms of c. The method of this reduction will 
lose much of its intricacy and little of its generality, if at this 
stage of the process we somew^hat particularize the functions. 
We may in conformity with equation (8) suppose 

* I j 

^ z 

and the supposition will give us 0 an integrable expression, 
for zdz ^ ^ ^ log z. 

Now log 2 becomes 0 when 2 = 1 ; we therefore derive 
from equation 10, 

MqC = 0 sr 2^, 1 

Wj c = 0 W 3 c = 2 f 3 1 

uc = 0 u,,c = 2p, 1 


u c ^ 0 u c ^ \ 

2*?i4 1 

It only remains for us to determine 2 ^ .1 in terms of 2 1. 


2(»+l 


This 
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This may easily be accomplished by many means when the 
character of z is slightly Imown. In pointing out one means 

I take advantage of the labours of Spence. We can state the 
expanded expression 

f z+p = . 1 + 2^1 

• am+l «m+I 2»»+l 2 j»-1 *•* 


a«-a ‘•*•3-4 


log« 


[am] 


Sfn*-1 


And if z be made =5 — 1, and a substitution made for log — 1 
in terms of John Benouilli’s quadrature of the circle, which 
might be deduced from the imaginary expressions for the sine 
and cosine, we shall have a particular series in terms of . 1, 
f ^ — 1 and X. If again <p^ z be supposed to consist either of 

odd powers or of even powers of z (which it may be seen 
from the constitution of <!> it will do, if z consists of even or 
odd powers), then will be given a very simple relation betwixt 
1 and (p^ — 1. Let it consist of odd powers, and we shall 

then have 20 


1 = 


P 1 . 
2w-l 


TTi 


. 


1.2. 3. 4 


1 


2m- 5 

whence we may calculate 
1.2 


1.2.3. 4-5.6 


fz i = 


IlL 

9 


± 9il 


Sm 


[3»] 


Smi-l 


f.l = 

f, 1 = 


t 

1.2. 3. 4 * 1 


1 . 2 . 3. 4. 5 . 6 • 


I7(h± 

4 


“ TTaXrTieTTs • 

&c. &c. 

I shall afterwards have occasion to give a simple and com- 
modious formula for the general determination of 1 in suth 

series, in terms of 1 ; so that I am saved the necessity of 
digressing at this period of the paper. It is sufficient in the 
mean time to see that the constants may be determined, and 
of course that the quantity 

11 ^ (e? + is given. 

Let us now seek the illustration of a particular case, f z 

will 
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will satisfy all the conditions which restrict it, if we suppose it 
equal to i 


or 


Whence 




a *4“ JB 

= + — + &c. 

^ , a* . o 

+&C. 

a3 


.2=2 


— -7 — + &C. 


^2=2 — 


«3 


27 


( 11 ) 


7- - -5r + 
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It might be seen from a forcing part of the paper that f, I, 
’ * + -i- - + &c. 




is equivalent to — when radius l....The right hand member 

of equation (9) is thus referred to circular arcs, and. loga- 
rithms of 2 . Let us now separate the cases in which n is 
an even or odd number, and we have from (10) and (11) 

u (c + 4 >) = 2 - —1 ^ 


* 2m 


2m 


- f 2""' = (2j — 2"*^) — 
2m 




. 5 -5 

+ i - - &c. 


_2i» 


(c + #) = ^ z + ^ s“* = (z + 2 ' ) — 

3 

»» I -* 

-J- * +* _ &c. 




which if 2 = give us the series 


V^i 

2 


u (c + ^ = sin X — 

2771 


sin 3 X 
2m 

3 

/ • . % cos 3 X 

tt (r + 4.) = cosx-^^7- 

2771+1 • 3 


sin 5 X 

5 *" 

cos 5 X 


— &C. 


— &C. 


It is now time to conclude. It must not be conceived that 
all this analytical labour has been spent merely in the investi- 
gation of th^ foregoing two series; — ^interesting as they are, 
Uiey might in this case be thought dearly obtained. I have at- 
tempted throughout merely to sketch the leading features of 
all similar investigations, and to leave untouched only such 
difficulties as an analvst of very moderate pretensions may 
grapple with. Hie field which I have sou^t to point oq^ 
has to be explored ; and I am convinced that the contents of 
Vol. 65. No. 325. May 1825. Y y it 
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It would 'amply r^y the labour. I must apolomze to your 
readers for the mistakes which will be found in me investi- 
gation. I already see several which it is impossible now to 
correct. I have been forced to draw it up during moments of 
leisure snatched now and then from the toils of a laborious 
employment, and of a host of other less congenial tho^h more 
necessary pursuits. L^t this stand for my excuse. Detached 
and fragnientical as it is, I hope that my leading purpose is in 
some degree accomplished. The general inquiry, however, 
into the decomposition of is much more interesting and 

more practically useful ; and as soon as I can command suffi- 
cient ume to commit to paper the substance of what exists in 
my imagination respecting it> I will lay it before you with my 
best ability. 

April 15, 18^. 2. 


LVI. On the Determination of the Latitude of a Place by 
Means ^ iheTransitInstmment placed perpendicularly to the 
Meridian. By Professor Bessel. Communicated in a Letter 
to Schumacher, dated Konigsbeyg^ Feb. % 1824.^ 


Y^HEN, in the year 1819, 1 saw you at Lauenburg, and re- 
^ * marked to vou that it might be advantageous to determine 
the diderences of the altitude of the pole (for the purpose of mea- 
suring geographical degrees) by means of a transit instrument, 
moving nearly perpendicular to the meridian, I had in view 
the difficulties often experienced in observing zenith distances. 
This difficulty is certainly removed by Rams&n’s zenith sector, 
used in the English admeasurement of degrees for observing 
the differences of latitude, as well as by yourself and M. Gauss 
in your great undertaking of the same kind. It is also re- 
moved by the ^imloyment of Reicbenbach’s meridian circle 
for the purpose of measuring the zenith distances of stars pass- 
ing near the zenith ; for it is with such stars that the instru- 
ment gives the^ correct results, without the investigation of 
other zenith distances. I do not wish to refuse the fullest 
confidence to snch means for obtaining the differences of lati- 
tude : therefore any other proposal might at present appear 
superfluous.. 

But tf w^^ fire desirous to obtain a certain degree of accu- 
racy willftwtt^ less trool^le, or try the results already ob- 
tained by a different meth<^, 1 have no doubt but that it might 
be effects by the method which 1 am about to propose. My 
intention is to avoid enturely the divisions of the circle, and 


* From Schumacher’s Atinmomiteke NiuMchten, No. 49. 


to 


the Difference of Latitude. 355 

to deduce the results by means of the watch^ ^hich I effect 
in the following manner. 

I place a transit instrument (whose axis is horizontal, and 
whose line of collimation is correctly adjusted) so that the mid- 
dle wire should describe a vertical circle. Its axis should lie 
nearly in the meridian, so that the vertical circle should stand 
nearly east and west, and thus twice traverse the parallels of all 
the stars which culminate between the equator and zenith. 

The observation of the two times T and T' in which the 
star passes the wire of the telescope will give the altitude of 
the pole as well as the zenith distance of the star on the 
meridian ; and by repeating this observation in smother place 
we shall obtain the difference in the altitude of the pole, or 
zenith distance, almost independently of the assumed declina- 
tion of the star. However, the times T and T' must be taken 
from a watch or clock which shows sidereal time : but it is 
not necessary that the correction of the clock, for the purpose 
of reducing it to the sidereal time, need be known. 

In order to show the peculiarity of this method in a general 
view, I shall not take into account, at first, that the vertical 
circle described by the instrument is directed exactly east 
and west, but point out the results of, and tlie errors which 
might arise from, some elements of calculation, independently 
of that supposition. 

I denote the correction of the clock by r and r', taking them 
(as well as the observed times) in degrees, minutes and seconds ; 
the right ascension and declination of the star by a and $ ; and 
the polar height by (p. According to these designations the 
two hour angles of the star (negative if easterly) will be 

^s=T-fT — a . /'ssT'-I-t' — a 

and the cotangent of the azimuth will be 

cos /• cos 3. sin ^ — sin > . cos ^ cos cos ? . sin ^ — wn > , cos ^ 

cos 3 . sin ^ "" cos sin V 

If we eliminate the azimuth ih>m these two equations, we 
obtain 

tan (3 s= tan S x 

or, by introducing the values of t and t\ 

a 

■ T ’-"# 

If we now assume that 8 , a, V, r are incorrectly known, and 
require the corrections d8, dot^dr\ dr^ we obtain thereby the 
correction of ^ deduced fsimi fbrmula just as imd^ r 



"»( 

tan ^ as tanS X ~ 
( 
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d^ = . i sin 2 p . tan + t) 

— d an g ^ . sitt ^ / ang^. tin t 

^ * g (cdi e + etmt) ^ * g (cob -f- cos <) 

Xiet us iiov/ suppose that the instrument is correct to about 
a minute, moving from east to west; it is evident that the co- 
sine ihay be placed ss 1, in the numerator of the result (tan f) 
and we shall obtain 

tan ^ = tan $ . sec i (T' + t' — T — t) 

Whence it appears that an error in the dii&rence of the 
correction of the time as shown by the clock (the influence of 
which is so much smaller, the smaller T' — T is, in the case 
in which this method is to be applied alone, viz. when the star 
culminates near the zenith) may be considered as trifling. Such 
an error would arise from the supposed incorrectness of the 
clock ; but we may suppose that tnis is generally much better 
known than may he required in this memod. 

There remains, therefore, only the error of declination, 

^ sin 2 8 

For a star passing through the zenith, the altitude of the pole 
has exactly the same error as that of declination. For a star 
culminating south of the zenith, the error is greater ; at least 
in our ktitudes.^ Suppose this method were to 1^ appli^ to 
determine the difference of latitude between two places, such 
as 51° and 56°, and we were to select a star passing through 
the southernmost point of the zebith; the error in this pomt 
would be = dS; and in thenorthem place sl‘055 dS. And 
the error in the difference of the polar altitudes = 0*055 dS; 
or even for dS ^ 2**, only If both places were equi- 

distant north and south from the 45th degree of latitude, the 
difference would be found strictly correct. Moreover, it is 
doubtfol whether the absolute values of the divisions of the 
zenith sector can be so correctly determined, that it may not 
have, in an arch of 5°, a greater inaccura<^ than O'/*!! ; at 
lea^ 1 consider this w muw more difScult than the determi- 
nation of the declinqj^tHi pf.a star to 2". 

This meth^ is |g^1iaily recommendableon account of its 
indmendence of in the instrument. If the eolhmation 

should n<A be suffioouiy corrected, the cylinders of the axis 
should be unequal ill their diameter, die tdescppe or the axis 
shoiddbendj&c., we shall at^ obt^ a correct result either by 
reywsing the axis betwemi die two operation^ or by observing 
one day in one position and . the next in the other position ^ 
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the axis, and taking the mean of both. The success solely 
depends on the quality of the telescopes and the care employed 
in the levelling of the axis. It also appears to me that those 
astronomical amateurs who possess but indilFerent Instruments 
for the measuring of angles, would thus obtain a determination 
of their latitude with greater certainty by means of a small and 
portable transit-instrument, even if it were not more power- 
ful than the common telescopes in the small repeating circles. 
This method, in its application for the determination of decli- 
nations under the supposition of the latitude being known, has 
the advantage of bein^ quite independent of the refraction ; 
but it can only be employed for stars north of the equator. 

What ought to render this method still more intei^sting to 
you is, that your femous countryman Olam Romer (who in his 
ideas of astronomical observations and instruments has sur- 
passed many of our moderns) employed, 120 years ago, a 
transit instrument placed from east to west, which is described 
in Horrebow’s works, vol. iii. pp. 228 — 240, and who assigns 
the imperfection of the instmment as the reason for its not 
having been subsequently employed for the observation of de- 
clinations.-— The work just alluded to, which I obtained but 
a few weeks ago, contains so many excellent things of Romer, 
that I am inclined to consider it as one of the most important 
works on practical astronomy; and I take this opportunity to 
observe honso much might have been done in the art of observ- 
ing, even in Romer’s time, if the path he took had not been 
again abandoned. 

{Note by theEditot\ — The work here alluded to by M. Bessel 
is entitled “ Petri Horrebowii, Opera Mathematico-physica.” 
HaunifB, 1740, 3 vols. quarto. The third volume contains 
the following treatise: ** Basis Astronomim, sive Astrono- 
inim pars mechanica, in qua describuntur observatoria^ atque 
iiistrumenta ustronomica Rcemeriana Danica; simulque eo- 
rundem Usus, sive Methodi observandi Roemeriance.” The 
xviii'** chapter of this treatise is entitled ‘«De instrumento 
^quinoctiorum Roemeri and this is the instrument alluded 
to by M. Bessel. 

But the use of a special instrument, for the purposes here 
alluded to, is now superseded by the introduction of the alti- 
tude and azimuth instrument ; which seems peculiarly adapted 
for observations of this kind. 

' If the circle be placed exacHy 'east and n^st, we shall have 
cot f cot 8 . cos i (T— T) 

where {'F — ':T) denotes the correct interval of sidereal time 
elapsed between the two observations, expressed in djegrees^ &c. 
But^ if (T^— T) be taken in mean solar time, we must multi- 
ply it by 1*0027379^ in order to reduce it to sidereal time.] 

LVIL^ZJc- 
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LVIL A ^description of a n&m Patent Imfrument^ or Celestial 
Compass^ adfxpted Jbr ascertainir^ the Deviation ^the Mc^^ 
netic Mee^j hy tiwple hwpection^ in af^ Part f^ihe World; 
for finding the Latitude ^en the Horizon is emeured ; and 
for steering Ships without Magnetic Aid. Invented by George 
. Oraydok, Captain in the Corps qf Royal Engineers.^ 


General Description of 

OLATE L represents the celestial ccppass mounted in 
^ gimbal$9 as a means of detecting by simple inspection, as 
long as any of the heavenly bodies are visible, the changes to 
whmh the magnetic needle is exposed in all parts of the world, 
in conseQuetlCe of the local magnetism of the earthf or me- 
teoric innui^ce, independent of uie local attraction of the iron 
of the ship, or the annual change of the variation of the needle. 
It serves also as a substitute for the magnetic compass in high 
northern or southern latitudes, where the directive power of the 
magnetic compass becomes almost useless from its feeble and 
uncertain action. 


In many cases it is impracticable to calculate the variation, 
in consequence of the state of the sky or atmosphere preclu- 
ding the observation for an amplitude or azimuth ; the former 
can only be taken at the rising or setting, and the latter can 
only be taken with accuracy when the sun or star is at low 
altitudes. It will frequently happen, and particularly in the 
channels of the British isles, that the horizon, and several de- 
grees above it, is so obscured for some days together, that these 
observations cannot be made, although the ^y is sufficiently 
clear at a greater altitude. In these circumstances no varia- 
tion can be Calculated with accuracy for those days, except from 
the table of variation, which is now becoming every day more 
and more uncertain. It is also to be observed, that, often, 
the detection of those accidents above mentioned (indeed al- 
most always) depends on the observations, and may remain 
imperceptibly operating for a length of time, during which no 
observations to correct the variation can be had. 

Plate I. also represents the celestial compass adapted for 
ascertaining the latitude when the horizon is obscurra, or is 
rendered uncertain by refraction, 


Description of Plate I. of the Celestial Compass as adored 
for detecting by simple Inspection^ as long as any om 
Heavenly Bodi^ is visiiie^ the Dtmatim qf the Magnetic 
Ifeedle. (See Hate I.) 

A B repittsente the &ce or dial plate of the instrument ; this 


* 'the Csteiitifil Compass may be procured at Messrs. Warre add Brotbei^ 
13, Austin Friars. 

f isatanoas of the powerful edbet which the local magnetism of the earth 
upon the magnetic needle, arc given in Appendix No. II. 

plate 
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plate is screwed down upon the upper part of a box or 
Ci of a hemispherical form. The hemisphere C is snj$pended 
upon pivots or aXe^ at. c, which work fredy throu^ holes 
formed in a metal rii^ D ; and this ring- is suspended upon 
pivots or axes at d, being situated at right imgles with the pi- 
vots c, before mentioned. The pivots d are adapted to turn 
in holes, or sockets,, formed in adjustable bearings at the upper 
part of the two standards, or supports, EE; and the' feet' 
the standards are screwed down upon a plate of metal, F O, 
which is caj^ble of revolving upon an axis in the centre 
thereof af&xed to the stationa^ platform, or board, H I. 

The plate F G has the cardinal points marked upon it, and 
is divided into degrees near its outmr edge< being provMed 
with a vernier I, affixed to the platform before mentioned. 
K L represents a heavy plate of metal, which is suspended 
from die pivots or axes c b^ two brackets, or (men arms, one 
only of wnich arms is seen in the figure at M, the other being 
obscured by the hemisphere C. 

The plate KL .is situated considerably below the centre of 
gravity, or axis upon which the hemisphere C and ring are 
suspended, and thus tends always to maintain the instrument 
in a plane pmullel ta the horizon. 

The plate K L has an arm or limb rising up. from it at K, 
the upper part of which is provided with a vernier jt, adapted 
to read off the de^ees upon a graduated arc, g h-, engraved 
on the side of the hemisphere C. ' - 

The under surface of the plate K L is provided with two 
plane mirrors, or reflecting surfaces, -m m, which are situated 
in a frame affixed perpendicular to the plate K L, but in such 
a position,, that the reflecting sur&ces form a ^dieht an^e 
with each other. 

These mirrors*, by reflecting the horizon from tworcHffi^ 
rent parts, furnbh the means ot adjusting the instrument into 
a horizontal position. when in use. F(xr example: 'When any 
two parts ot the horizon are reflected in the mirrors mtn, n 
the instrument be moved until the images of these two parts 
appear upon the mirrors in onestra^ht lin^ that line bmng at 
the same time parallel to the edges of the mirrors, ' vnll indi- 
cate that the plate K L, to which they are affix^ is hori- 
zontal t»' 

The:{utota,or axes, up<m whid the heini^ly»Teb suspen^ed^ 
project.; dome distaiiee throogh'lilie rhig t), and are fiutushed 

* See fig. 7, Piste 11.; alio the tod o£ I, , 

f Another me^d of atijasting the instrufoent to a hddsontal position, 
when the. horizon is obscured, is pren at the asd of Appaidk No. I. 

with 
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with small screw cm>s,'which may be screwed on or off, for the 
purpose'uf giving uie hemisphere a slight motitm endways or 
m tne direction of its axis, in order to adjust it into a proper 
position to balance correctly or horizontally in its gimluds. 

The hemisphere C contains a weight or countenxnsevnthin 
it, so situa^ that the centre of gravity should fidl as nearly 
as.possible in the centre of the hemisphere; or the centre of 
gravity should coindde as nearly as possible with the axis of 

motion upon its pivot c, so that the horizontal position of 
tiie plate K L would not be disturbed by any turning or change 
of positioh of tile hemisphere C upon its axis. Ihie adjust- 
ment of its equilibrium may be performed by screwing up or 
down the small spherical weight Z, which is tapped upon a 
wire projecting from the top of the frame or tablet P. 

In making use of the instrument for the purpose of finding 
the deviation of the magnetic needle, the direct light of the 
sun is made to fall upon a pair of cross wires, or the sun’s 
rays are concentrated upon the tablet P by means of a lens at 
O instead of the cross wires, so as to direct their shadow upon 
a piece of ivory, marked with cross lines upon its surface; and 
the coincidence of the shadow of the cross wires with the inter- 
section of the lines upon the tablet will determine the required 
position. 

The dial plate A B is divided into 24 hours, or 360 degrees, 
and is provided with an hour or index hand E, which is formed 
to a vernier at one of its extremities, to read off the degrees 
upon the dial plate. 

P represents a small frame, or square, which is mounted 
upon a pillar on the hand E, and the axis of which is- in the 
centre of, and perpendicular to, the dial plate. The fr^e P 
is adapted to receive a piece of ivory, q, having cross lines or 
wires, intersecting each other upon its suiH&ce. 

The hour hand E has, near one of its extremities, a small 
pilhur or tube o projecting up from it, and into this tube a 
small round rod s is adapted to slide^ having a square frame O 
at its upper extremity, furnished with cross wires, as repre- 
' sented in the drawing, Plate I. 

•The round rod s is graduated, and numbered with tangents 
to the angles of elevation or depression, above and below the 
level of £e intersection of the cross lines upon, the sur&ce q, 
and it is proyi^ed with a vender scale, formed on tiie side of the 
pillar 0 , to readdff the divisions on the round rod. It is also 
furnished witii a clamping and adjusting ,s^wv a> tiiown in the 
figure^ to move it up or down with a stow motion. 


Method 



Jbr ascertainifig the Devintmij^ the MagneticNcedle. 36 1 

Method of using the Instrument for (xscertaining the Variation 
if the Needle ly Inspection^ (See Plate I.) 

Suppose the platform H I to be screwed upon the binnacle, 
or otner convenient part of the ship, in such a position that 
the line H I, which is drawn upon the platform, may coincide 
exactly in a longitudinal direction with a line immediately over 
or parallel with the vessel’s keel : — now, if the hemisphere C be 
elevated upon its axes or pivots c, until the divisions upon the 
arc g h are brought to read against the vernier h at the de- 
gree of the latitu^ of the place, it will be evident that the dial 
plate A B will be situated parallel to the plane of the equator, 
or perpendicular to the earth’s polar axis. In this situation, 
if the hand or index E be set to the apparent time, say three 
hours, or forty-five degrees from the meridian, as shown in the 
figure, and the rod s be elevated in the tube o to the division 
corresponding with the tangent of the sun’s declination, the 
compass plate, F G, which has the instrument mounted upon 
it, is then to be turned round upon its axis until the shadow of 
the point of intersection of the cross wires O may fall upon the 
surface of the ivory so as that the said point of intersection 
may coincide with the intersection of the cross lines upon the 
surface 47 . The line A B or F G will then be in the plane of 
the true meridian, and the variation of the magnetic compass 
in the binnacle, or any other magnetic compass which is pa- 
rallel to it, may be ascertained by inspection. In whatever 
course or direction the vessel may be proceeding, if the com- 
pass plate F G is turned upon its axis until the vernier I is 
brought to coincide with the point or degree corresponding 
with that course, the shadow of the intersection of the cross 
wires O should always coincide with the intersection of the 
lines upon the ivory 

The vessel will then proceed in its course without deviation, 
the instrument serving as a constant and immediate check to 
the irregularities of the lieedle as long as any one of the hea- 
venly bodies is visible. 

Method of using the Instrument for steering mthoid Magnetic 
Aid, (See Plate I.) 

The dial plate A B is provided with watch-work, by which 
the hand E is moved round once in twenty-four hours. 

Having fixed the platform H 1 over or parallel to the ves- 
sel’s keel, and the hand E bein^ set to the time, and the hemi- 
sphere C being set to the latitude, as above described, the 
compass plate F G, which has the instrument mounted upon 
it, is to be turned round upon its axis, until the zero of the 

Vol.6t5. No. 325. Map 1825. Z 2 vernier 
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vernier I is brought to coincide with such point or degree upon 
the cdmp^ss plate, 'as will correspond wim the course desired 
to be steered. For example : in the drawing, the compass 
plate is represented as set proper for steering a course due 
north. 

The person who steers the vessel has only to keep it in such 
a position th^t the shadow of the round rod s, or o€ the inter- 
section of the cross wires O,^ may fall upon the surfac^, so as 
to coincide with the perpendicular mark thereon. The line 
A B or F G will then remain in the plane of the true meridian, 
md the vessel will therefore proceed in a course due north. 
In like manner any other course may be steered, by setting 
the compass plate F G accordingly, and keeping the shadow 
of the rw s upon the perpendicular mark upon uie surface of 
the ivory*. 

This method of steering is particularly applicable to high 
northern and southern latitudes, as the heavemy bodies remain 
constantly above the horizon, as long as navigation is practi- 
cable in Uiose parts of the world, where the sky is generally 
unclouded and clear overhead ; which circumstance is stated 
in Capt Lyon’s late account of his unfortunate attempt to reach 
Repulse Bay, from which the following is an extract, viz. : 

Although the fogs in the Polar regions are so frequently 
mentioned in the course of recent narrations which have been 
published, I believe they are generally understood as resem- 
bling our English fogs ; which is not, in fact, the case. — In 
the northern seas, these vapours rarely rise to above a hundred 
feet from the sea, and a sky of most provoking brilliancy is 
frequently seen overhead.”-^C2/?^ Zyoris Voyage of Discovery ^ 
page 43. 

An instrument on the construction above mentioned, for 
steering without magnetic aid, was ordered by the Lords of 
the Admiralty, and sent out with H. M. S. Hecla, on the Polar 
expedition, in the year 1824. 

For ctsoertaining the hatitude 'when the Horizon is obscured. 

{See Plate I.) 

The platform H I being fixed over or parallel to the vessel’s 
keel, as above described, the instrument is to be turned upon 
the axis or pivot of the compass plate F G, until o on the outer 
(^vision is brought to coincide with o on the verni^ I.. The 
round rod r is to be set to the sun’s declination as above de- 

• Vfhexk the surface of the ivoiy csAuet be distinctly sScD by |he person 
who steers^ owing to its position with r^ard to' the sun, a piece of semi* 
tsamprent glass is used (in piece ci the ivory}; the shadow is then seen 
bSthe glass. 

scribed. 
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scribed, and the line F O is to be placed north and south, by 
means of the magnetic compass in the binnacle^. The hemi^ 
sphere C is then to be inclined upon its axis c, and the hand E 
moved, until the shadow of the intersection of the cross wires 
O is brought to coincide with the intersection of the marks 
upon the surface of the tablet q ; the vernier Jc will then indi- 
cate the latitude of the place, by means of the divisions upon 
thearcgA,f 

In like manner, the apparent time may be obtained when 
the latitude is given, by setting the arc g A to the latitude, the 
rod s to the sun’s declination ; the hand E is then to be moved 
until the shadow of the intersection falls upon the cross lines 
upon the ivory as before described. The vernier at the end 
of the hand E will then indicate the apparent time, even when 
the horizon is obscured, and when an altitude cannot therefore 
be taken J. 

Appendix. — No. I. 

The following is the principle upon which the celestial com- 
pass is constructed, viz. : 

The apparent motion of the sun being caused by the uni- 
form rotation of the earth upon its axis from west to east once 
in twenty-four hours, it will appear evident, tha^ if an arm be 
moved with an equable motion in a contrary direction to the 
apparent motion of the sun, and having its axis of motion in a 
position parallel to the earth’s axis §, the arm would keep pace 
with the apparent motion of the sun, while it describes its 
horary angle : if, therefore, the time be given, and the arm be 
set to that time, and be directed towards the sun, the noon 
hour line would then be situated in tlie true meridian. 

For example, see fig. 4? and 5, Plate 11. 

Let O P represent flie arm A F G, a circle described about 
its axis P, and divided into twenty -four equal parts or hours. 
When the arm O P is set to the apparent time, — suppose three 
hours, or 45^ from the meridian, — the instrument is then to be 

* Of course the variation must be allowed for. 

t When the apparent time is given, the latitude may be determined 
without using the magnetic compass, by setting the^ hand E to the time, 
the rod t to the sun^ declination, and then inclining the hemisphere C 
until the sun’s rays, passing through the lens at O, are concentrated upon, 
the middle of the tablet y, as before mentioned. 

^ As the method of acQusting the instrument to a horizontal position by 
means of the reflecting mirrors m m, cannot be used when the horizon is 
obscured, another mode of adjustment, by means of the sun’s declination,- 
is mven at the^nd Q£Ap|>en<hx No. I. 

$ .The earth, seen from the sun, would app^ I’u^ ^ poin^ md the 
centre of motion of the arm may therefore be considered as coinmding with 
that of the earth. ' ' 

Z z 2 turned 
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tuined so as to bring the arm in a line between the axis P and 
the sun S. The arm will then, by its motion^ continue to 
perifbrm the ^me hprary angle as the sun appears to describe, 
and A P, b^ing the noon hour will therefore always indi* 
cate the true pieridian. 

In like manner, the true meridian may be indicated by means 
of a star, by ic^pulating its distance from the plane of tlie me- 
ridian, or its horary angle at the time of observation, and 
setting the arm accordingly. 

As the relative position of the sun or, a star, with regard to 
the plane of. the meridian, may be determined as above, its 
declination may also be determined as follows: — (See, fig. 5^ 
Plate II.) 

Let fig. 5, Plate II. represent the exact position of .the 
sphere, having its axis F P elevated to the latitude of the place, 
and the arm 0 o set according to the apparent time,— -suppose 
three hours, or 45® from the meridian, — and directed to the 
sun S. 

The meridian distance of the sun S, or the angular distance 
between the plane of the arm O o in that position, and the 
noon hour line A P, will be equal to forty-five degrees ; be- 
cause the instrument, being an exact representation of the po- 
sition of the earth, having the axis P parallel to the pole, and 
the noon hour line A P parallel to the plane of the meridian, 
the horary angle is the measure of the meridian distance of the 
object S. In like manner, a line E Q, which is perpendicular 
to the axis P P, or to the pole, will be parallel to the plane of 
the equator, with which it will continue to maintain the same 
I'elative position during the motion pf the arm O o round its 
axis P P. 

As the arm o is an arc of a circle of which P is the cen- 
tre, therefore, when the object has no declination, it will ap- 
pear in the direction EQ, or the line SOP will coincide with, 
the line E P Q. But when the object S declines from the 
equinoctial, the measure of its declination will be shown by 
the part of the arc O s o which is above E Q, of which arc the 
sight at P is the. centre. The curve Os having a sight at O, 
is moveable wi^in the fixed part of the arm o, and may be 
raised ot lowered so as to bring the sight at O in a line be- 
tween the object S and the other sight at P. 

The fixed ^art of the arm at o is graduated from eaph side 
of o ; the vernier upon the moveable curve at o will indicate the 
amount . of the ai^le of elevation or depression of the sight O, 
above o^ below E Q, which angle is eqaal to the apparent de- 
clination of the object S, at the time of observation. For ex-^ 
ample, in the figure, the sight O is ten degrees above the ^ui- 

noctial 
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noctial line E Q, because the vernier placed upon the moveable/ 
curve is ten degrees higher than o on the index of the fixed 
part of the arm. On die contrary, if the sight O were below 
the equinoctial line E Q, the vernier would be depressed in 
the same proportion below o on tlie index, I'^he declination 
will of course be shown, not only for noon and midnight, but 
for any intermediate time, and therefore the quantity of in- 
crease or decrease for any given time will also be shown. 

Method of Adjusting the Instilment to a Horizontal Position^ 
by means of the Declination of the Object. {See Fig. 5, PI. II.) 

When the instrument is set in its position by means of the 
sun or a star, either of these objects itself will indicate when 
the instrument is truly horizontal: for this purpose the arm 
being previously set to tlie angle of the declination of the 
sun or star, and also to the apparent time, if the sight O is 
then found to be in a line between the object S and the other 
sight at P, it will be evident the bottom of the instrument or 
socket M will be parallel to the plane of the horizon. 

Appendix. — No. II. 

Extract from Capt. Panifs Voyage of Discoveiy in the Year 

1823. 

“ The information obtained by Captain Lyon, on his late 
journey with the Esquimaux, served very strongly to confirm 
all that had before been understood from these people respect- 
ing the existence of the desired passage to the westward, in 
this neighbourhood, though the impossibility of Captain Lyon’s 
))roceeding further in that direction, comoined with our im* 
perfect knowledge of the language, still left us in some doubt 
as to the exact position of the strait in question ; it was certain, 
however, tliat it lay somewhere in that direction to which we 
had been already so long and so anxiously looking, and that 
its eastern entrance was still occupied by many miles' of fixed 
and therefore impenetrable ice ; but the very inipediment that 
had arrested Captain Lyon’s progress, as well as our daily ob- 
servations on the state of the ice near Its outer margin, ap- 
peared to offer a considerable hope that this obstacle must m 
the course of nature very soon disappear, even by the gradual, 
process of dissolution, if it were not more speedily removed 
by one ^and and total disruption. 

While, therefore^ Captam Lyon was acquiuntitig me with 
his late proceedings we shaped a course for Igloolik, in order 
to continne our look-out upon the ice^ and made the tents very 
accurately by the compassi, after a run of five leagues, when the 
Hecla hauled in shore to pick up one of her men that had been 

. left 
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left thei^^ to procure game, and the Fury stood towards the 
margin of the ice. Just b^re we reached off the floe, the 
weauier continuing extremely thick, with hard rain, I desired 
Mr* Crozier to set the extremes of the loom hanging over 
Igloolik, which, was then on our lee quarter. He did so ; 
but presently afterwards remarked that the compasses (both 
Walker^s azimuth, and Alexander’s steering) indicated the 
ship’s head to be S. W. which was about the middle point on 
which, but a few minutes before, he had set the loom of the 
land two dr three points abaft the beam. Knowing, by the 
true direction in which we were sailing, that the ship’s course 
by the compass, if unaffected by any foreign local attraction, 
should have been about east, which in fact the needles had 
indicated previous to the change remarked by Mr* Crozier, 1 
tried what tapping with the hand (the usual expedient in cases 
of mere sluggishness) would do, but without producing any 
• effect. Being now obliged to tack for the ice, we carefully 
watched the compasses in standing oft^ and having sailed about 
a quarter of a mile, observed them both return gradually to 
their correct position. Being thus satisfied that some extra- 
ordinary local attraction was influencing the needles, we again- 
tacked to repeat the experiment, and with a nearly similar re- 
sult. The observations were then continued on oue or two 
successive tacks, the ship being steadily steered upon a given 
point, by some object a-head ; and an account of the whole is 
subjoined in one connected view* The observations were made 
between six and nine P.M. The wind being moderate at east 
(true), the weather very rainy, the soundings fifty-two fathoms, 
and ^e nearest land distant from six to eight miles. 

“ The space sailed over during the time the changes were 
taking place, did not exceed a quarter of a mile. 


Starboard tack, compasses first indicating the ship’s head 
East, then changed to South-west. 

Larboard N. W. b. N S. W. \ W. 

. Starboard East S.S.E. 


Bore aware to endeavour to cross our original track. 

’ Alexander’s compass N. W^. b. N... W.b. S. 


Larboard tack 


^Walker’s N.W W.S.W. 

Starboard, both compasses East S.W. ^ S. 

T / Alexander’s ..* N.W. f N S.W. b. W. f W. 

l^arboard j ^^Iker^s N.W S. W. b. W. i W. 

Starboard tack, both compasses .... N.E. b. E. | E. .* . E. | E. 
Alexander’s, a minute or two after, returned to N.E. b. E. | E. 
and WalkePs to E- i N. Alexander's compass was placed on 
the binnacle, the other stood about five feet higher, in its usual 
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** In order to follow up the observations on tliis phenomenon 
on some other day, 1 sent a boat to fix a flag upon the ice, by 
way of marking the spot, but the max^in was so broken up 
that it was impracticable to land upon it; a light buoy was 
therefore moored for the same purpose,, though with little 
chance of retaining its station, on account of the depth of wa- 
ter. During the remainder of the night, wheii the wind and 
weather obliged us to keep more to the northwaird, the com- 
passes were not thus influenced *• . 

“ The weather cleared up in the morning of the 2d. We 
found that a strip of ice al^ut half a mile in width had been 
lately separated from the fixed ice, but this to our impatience 
appeared like a drop of water in the. ocean; considerable 
streams and patches were also drifting along the margin du- 
ring the day, and we were employed in breaking throu^ them 
in order to make fast to the floe, the weather being unfavour- 
able for keeping under way. In the evening we secured tlie 
ships to the ice, being in twenty-three fathoms, at the distance 
of two miles to the westward of Tern Island. For several hours 
in the course of this day there was something in the atmo- 
sphere which distorted objects into very curious shapes. The 
principal feature in this phenomenon was a constant waving 
tremulous motion near the horizon, causing the whole body of 
ice to appear at times as if turning round, and making one al- 
most giddy to look steadfastly at it. The distant land was 
sometimes flattened down so as to appear like a single thick 
black line upon the horizon ; then again it would assume a 
shape of this kind — 



when its real outline, when not thus distorted, was this,-* 



The tremulous appearance is, in a greater or less degree, 
a very common phenomenon in the Polat seas. Such, indeed, 
is the frequent occurrence of extraordinary and variable ter- 
restrial refraction, and the consequent uncertainty with respect 
to ^e dip of thejiorizon, that observations made by the hori- 

* The q>ot8 n^r which this local attraction was found, are designated 
on the chart by this mark, 0. 
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zon of the sea, even when wholly free from ice, cannot be de- 
pended qn within two or three minutes. There is, however, 
practically, ^little or nodiin^ to regret on this account, from the 
almost constant opportunities that occur in these seas of re- 
sorting to the more accurate method of observation by artificial 
horizons. The weather, which had for several hours been 
rainy and thick, cleared up about noon on the 4th. In con- 
sequence of the wind shifting to the N. W. we made sail from 
the floe, in order to look for the buoy and to continue our ob- 
servations on the magnetic attraction in that neighbourhood. 
After making several tacks as near the place as the bearings 
of the land and the soundings could direct us, but without 
discovering the buoy, we were obliged for the. present to give 
up the attempt ; having to our great satisfaction observed a 
floe, at least three miles in lengQi and two in breadth, just 
detached from the fixed ice, and rendering it necessary for us 
to work out of its way lest it should force us towards the 
shore : we only, therefore, waited to put down some nets to 
ascertain the nature of the bottom, and then hauled round the 
floe. A quantity of shells, among which were a few of the 
new species of Anomia discovered on the last voyage, with 
some shrimps and echini, were all that we could thus flsh up. 
Having cleared the end of the floe, which drifted rapidly away, 
and, as usual here, never made its appearance afterwards, we 
made the ships fast to the fixed ice P. M. having by the late 
disruption made considerable progress in the direction of the 
strait” 

Page 317.— The wind gradually falling, was succeeded 
by a fight easterly breeze, with which, at daylight on the 26th, 
we steered under all possible sail lip the strait. The course 
being shaped, and no ice in our way, I then went to bed ; but 
was immediately after informed by Mr. Crozier that the com- 
passes had shifted from N ^ E. (which was the course 1 left 
them indicating) to E ^ N., being a change of seven points in 
less than ten minutes. After running halt a mile in a true W. 
by N. direction, the needles began to return to their true posi- 
tion ; in half a mile fartlier they had resumed their proper di- 
rection, and agreed exactly at North. Having sent a boat to 
the Hecla immediate^ on our noticing the first alteration, 1 
found from Captain Lyon that a similar phenomenon was ob- 
served to take place on board that ship, which was following 
in our wake. The breeze slowly increasing from the eastward 
and the weather hapdly renimning unusually clear for that 
direction of the wind,, we soon arrived off the narrow part of 
the strait ; immediately on opening which, we met a tide or 
current running above two knots to the eastward, with nume- 
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reus eddies and ripplings. By keeping on the South, or con- 
tinental shore, and passing along by Cape N.E, within two 
or three hundred yards of the rocks, we succeeded, with the 
assistance of the boats a-head, in getting through the channel 
soon after eleven o’clock.” 

Extract from Captain Lyoris Voyage of Discovery. 

Latitude 61® 13^ — Longitude 63® 54'. 

The deviation of our compasses was here very great and 
irregular, although less* so with our head Northward, than 
otherwise : even Gilbert’s excellent azimuth compass required 
constant tapping, although under the influence of Professor 
Barlow’s plate, which had hitherto corrected it with the great- 
est accuracy.” — Page 30. 

The stillness of this day was highly favourable for obtahi- 
ing observations for the dip of the needle ; but the floe to 
which we were fast was not of siiflicient extent to admit of our 
getting so far from the ship as to be free from her attraction : 
I was now the more desirous of obtaining these observations, 
on account of the fast increasing sluggishness of the com- 
passes, — for that of Gilbert’s, which had hitherto been fully 
corrected for the local attraction of the ship by Barlow’s plate, 
now began to show nearly as much deviation when our head was 
to the Eastward, as any of the other compasses.” — Page 44. 

Our compasses had now become quite useless, with our 
head Southerly ; and that in particular to which the plate was 
fitted, so powerless, that its North point stood wherever it was 
placed by the finger ; but with our head Northerly, they all 
traversed again. This, however, benefited us but little ; for, 
as our route lay to the South-west, we were without other 
guidance than celestial bearings, which could not always be 
obtained.”— Page 53. 

In the forenoon watch, our larboard compass, which, with 
two others, had shown our head N. b. W. which (with three 
points and a half westerly variation) agreed with the sun’s 
bearii^, in giving a N. W. ^ W. course, suddenly pointed 
E.N.E., and no tapping or motion would keep it in any other 
point for two or three minutes ; after which, it as suddenly re- 
covered its agreement with the others, and continued quite 
correct. We now, from repeatetl observations, discovered 
that when our head was nearly North by compass, the devia- 
tion was three points and a naif West ; but when between 
North and West, it amounted to eight points; while with the 
head to the Southward, the compasses would generally rest 
wheaever they were directed by the finger ; and sometimes 
eacli persisted in maintaining a direction of its own. 

Vol. 65. No. 325. May 1825. 3 A « Barlow’i. 
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Barlow’s plate now became useless, and its want of effect 
was decided by finding Gilbert’s compass, while under its im- 
mediate influence, the dullest in the ship.” 

Ellis, in his account of the Expedition of the Dobbs and 
California, in 174?6, says ; — 

“ 1 cannot help taking notice in this place (while off Ches- 
terfield Irdet), while amongst these islands, and in sailing 
through the ice, the needles of our compasses lost their mag- 
netics qualities : one seeming to act from this direction, and 
another under that ; and yet they were not for any consider- 
able time constant to any. We laboured to remedy this evil, 
by toucliing them with an artificial magnet, but to very little 
pui*pose ; for if they recovered their powers by this means, 
they presently lost them again.” — Ellis's Account, page 220, 
in* the Year 1748. 

Appendix. — No. III. 

Extract from CapL EraMiris Journey to the Polar Sea. — 1 819. 

August 12th.— Azimuths were obtained this evening that 
gave the variation 58° 45' 0", which is greater than is laid 
down in the Chart, or than the officers of the Hudson’s Bay 
ships have been accustomed to allow. Latitude 57° North.” 
— Page 26. 

August 19th.— Nothing worthy of remark occurred, except 
the rapid decrease in the variation of the magnetic needle. 

‘‘ N. B. At York factory the variation is only 6° OO' 21" 
East.” — Page 32. 

“ September 25th.— About half a mile from the bend or 
knee of the lake, there is a small rocky islet, composed of 
magnetic iron ore, which affects the magnetic needle at a con- 
siderable distance. Having received previous information re- 
specting this circumstance, we watched our compasses care- 
fully, and perceived that they were affected at the distance of 
three hundred yards, both oh the approach to and departure 
from the rock ; on decreasing the distance, they became more 
and more unsteady ; and on landing they were rendered quite 
Useless, and it was evident that the general magnetic influence 
was totally overpowered by the local attraction of the ore. 
When Katei'^s compass was held near to the ground on the 
North-west side of the island, the needle dipped so much that 
the card could not be made to traverse by any adjustment of 
the band ; but on moving the same compass about thirty yards 
to the W^^t part of the islet, the needle became horizontal, 
traversed freely, and pointed to the magnetic North. The dip- 
ping n^dle being landed on the South-west point of the islet, 
was adjusted as nearly as possible on the magnetic meridian. 
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by the sun’s bearings, and found to vibrate freely : when the 
face of the instrument was directed to the East or West, the 
mean dip it gave was 80° 37' 50"; when the instrument was 
removed from the North-west to the South-east point, about 
twenty yards distant, and placed on the meridian, the needle 
ceased to traverse, but remained steady at an angle of 60° ; 
on changing the face of the instrument so as to give it a South- 
east and North-west direction, it himg vertically. The posi- 
tion, of the slaty strata of the magnetic ore is also vertical,— 
their direction is extremely irregular, being much contorted.” 
— 56. 

‘‘ The observations of this evening seem to corroborate the 
remark which I had previously made, that the direction in 
which the needle moves seems to depend upon the position in 
which the streams of the aurora borealis are placed, and the 
quantity of its effect to its proximity to or distance from the 
earth. When the extremities of the arches lay near the bear- 
ings of 324° and 54°, the needle moved Eastward ; and when 
near the bearing, 324° and 144°, or 279° and 99°, the motion 
of the needle was Westw’ard : both of these facts were shown 
to-night. At the first display, when the extremities of the 
arches pointed near 324° and 54°, and the interior motion fol- 
lowed the same direction, the needle moved Eastward as far as 
345°, but after midnight, coruscations ceased to appear in that 
direction, and at 10"^, were presented in three arches 
traversing the zenith, whose extremities pointed 121° and 302°; 
the needle then receded towards the West, and rested at 349° 
30', having varied its position 5° 40' in the course of twenty 
minutes.” — Page 560. 

** I apprehend much of the irregularity in the result of the 
observations for the variation of the compass along the Copper 
Mine River is to be attributed to local causes of attraction, 
and particularly to the existence of iron ore among the rocks, 
which is very general : a greater intermixture of iron ore was 
perceived in the rocks on the sea coast, than on the banks of 
the Copper Mine River.”— Page 635. 

The seat of the phenomenon of the aurora borealis lies 
between the latitudes 64° and 65° North, or about the position 
of Fort Enterprize, because the coruscations were as often seen 
there in the southern as in the northern parts of the sky.”— 
Page 553. 

The Island of Canna, on the western coast of Scotland, 
affords a remarkable instance of the effects on . the ma^etic 
needle from the local attraction of mountains (charged with 
iron ore).— 5^^ Murrays Tour to the Hebrides* 
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LVIII. Binary Anangement of ' Oie Class Amphibia. By 

A. H. Haworth, Esq.^ Felltyw of the Lirmcean and Horti- 
cultural Societies of London^ and of the Imper ial Natural 
History Society of Moscow^ ^c. 

To the Editor of the Philosophical Magazine and Journal. 

Sir, 

¥ N order that some other class of Natural History might be 
^ subjected to the test of my binary method of arrangement 
besides that of Crustacea^ I send you b.ereuiider, a table, so dis- 
posing of all the numerous genera of tlie Class Amphibia^ or 
Reptiles ; as far at least as they are published in the elaborate 
work of Merrem, on that class, in 1820; and who is at once 
the best and last author on this subject. And to those I have 
added the three most extraordinary and colossal fossil genera 
Ichthyosaurus^ Plesiosaurus, and Megalosatmis, which have 
latterly so extensively interested both the geological and zo- 
ological world. 

In my last communication I noticed to you the manner in 
which the analogies and affinities of Natural History are in- 
dicated in my tables, and how these insensibly blend into 
each other. And I may now further observe, that every 
dichotomy of the tobies, if viewed and taken with the root (or 
semi-dichotomy) from which it immediately proceeds, may be 
considered as a sort of triangular circle returning affinitatively 
into itself : and that the two further dichotomies issuing from 
each of its branches may be also considered as forming with it 
a still larger and broader-based triangular or pyramidal circle 
(inclosing the former): and so, onwards, until w^e arrive at the 
Genera; and including finally (circle within circle) every 
group in the table of Nature ; together with all the variouf 
genera into which each group is capable of being divided ; am, 
into which each respectively extends, and ends: the great 
whole composing the vast homogeneo-heterogeneous circle of 
Nature — “ IJbique varians semper tamen eadem.” 

I remain, sir, yours, &c. 

Queen’s Elm, Chelsea, April 22, 1825. A. H. Haworth, 

P. S. The generic names are ever in italics in the tables, to 
distinguish them to the current reader promptly from all others; 
showing at the same time their due locations, as they occur 
in the continuous way of a straight line. 
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LIX. On a new Compensation Pendulum, Bif William 
' Herapath, Esq . 

TT has long been an object with astronomers ^ 

^ and navigators to possess a cheap and cor- 
rect pendulum, which shall have the power of ^ 
correcting its expansion or contraction from 
heat and cold. The principle adopted in the o 

construction of such pciuhilums has been, that T.H j ^ ^ 
of an expansion upwards by one metal just equal }|!] 
in amount to the downward expansion of the 
pendulum rod. The most approved instruments 
of this sort are, what has been termed the Grid- ^ 

iron pendulum, Mons. Thiout’s, and the mer- i|i; 
curial one. These are so well known to scientific 
persons, that it is unnecessary to describe them 
here, but merely remark that neither of them 
have been extensively introduced. I conceive 
this non-introduction to arise, from the com- 
plexity of the jrridiron pendulum, from the dif- 
ficulty of making heat and cold act equally on || ' 

the two rods of Mons. Thiout’s (the one being iT 

outside the clock-case while the other is inside), f 

and from the expense of the mercurial pendu- If' 

lum. Considering it possible to make a com- ; [ 

pact pendulum rod which shall not possess the • !' 

disadvantages of the others, and that such an * 

one would still be a desideratum, I shall pro- ] 

ceed at once to the description, after having ;i|: 

S riven the data upon which the calculations are 
ounded. 

The average expansion of iron, as taken from 
the experiments of Lavoisier and Laplace, Bor- \ | 

da, Smeaton, Troughton, and Dulong and Petit | | 

between the temperatures of 32® and 212® F., ^ I 

for every 1*000000000 is *00124869, or for 1® I | 

Fahr. is *000006937. The expansion of steel 1 1 

spring for 1® Fahr. is *00000761 according to 
Musraenbroek ; and that of hammered zinc for 
1® Fahr. is *00001672 according to Smeaton. 

If the pendulum be constructed as usual of 
three inches of watch spring, and the remain- 
der of iron wire, the expansion for 1® of Fahr. 
will be 3 inches steel *000022830 
36* 1 39290 iron *000250600 

•000273430 in. 
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which would be counteracted by 16*35 inches of zinc. But as 
this cannot be applied without adding more iron, the zinc 
must be increased by so much as will also counteract that ad- 
dition ; and yet the zinc must not be greater or less in length 
than the iron added. The exact quantity I make to be 27*92 
inches. 

The expansion of pendulum rod will then be for 1 ® Fahr. 

3 in. steel *000022830 
36*139290 iron *000250600. 

27*92 iron *000193542 

67*059290 in. *000466972 of 27*92 inches zinc will be 

•000466822. 

Having determined the length of zinc necessary, I apply it 
thus : — The pendulum rod is made as usual in common clocks, 
with three inches of steel spring attached to an iron wire, 
having a foot firmly fastened to it ; — a tube of zinc 27*92 
inches long, is slid over this rod and fastened to the foot : an 
iron tube is now put over this zinc lube, and at the top is fixed 
by a screw to the top of the zinc ; the bottom of the iron tube 
is connected with the pendulum ball. — The annexed view w*ill 
convey a better idea of the nature of the instrument than any 
verbal description, 

A is llie watch spring. 

B the iron wire. 

C the zinc tube. 

D the external iron tube. 

E E the screw* collars for regulating the zinc tube. 

F the screw for shortening the whole rod. 


LX. On the Gold Mines of North Carolina, By Denison 
Olmsted, Professor of Chemistry and Mineralogy in the 
University q/ North Carolina*, 

'^IIE gold mines of North Carolina, which have recently 
become an object of much inquiry both at home and 
abroad, are situated between the 35th and 36th degrees of N. 
latitude, and between the 80th and 81st degrees of W. longi- 
tude from London. They are on the southern side of the 
State, not far from the borders of South Carolina, and some- 
what westward of the centre. Through the gold country 
flows the river Pedee, receiving within the same district, the 
Uwharre from the north, and llocky River from the south, 
both considerable streams. Above the junction with the 
Uwharre, the Pedee bears the name of Yadkin. 

The gold country is spread over a space of ,not less than 
* From the American Journal of Science and Arts : vol. ix. 


1000 
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1000 square miles. With a map of N. Carolina one may 
easily tracei its boundaries^ so far as they have been hitherto 
observed* From a point taken eight miles west by south of 
the niouth of the Uwharre, with a radius of eighteen miles, 
describe a circle, — it will include the greatest part of the 
county of Montgomery, the northern part of Anson, the north- 
eastern corner of Mulenberg, Cabarrus, a little beyond Con- 
cord on the west, and a corner of llowan and of Randolph. 
In almost any part of this region, gold may be found in greater 
or less abunaance, at or near the surface of the ground. Its 
true bed, however, is a thin stratum of gravel inclosed in a 
dense mud, usually of a pale blue, but sometimes of a yellow 
colour. On ground that is elevated and exposed to be washed 
by rains, this stratum frequently appears at the surface ; and 
in low grounds, w’here the alluvial earth has been accumulated 
by the same agent, it is found to the depth of eight feet : where 
no cause operates to alter its original depth, it lies about three 
feet below the surface. Rocky River and its small tributaries 
which cut through this stratum, have hitherto proved the most 
fruitful localities of the precious metal. 

The prevailing rock in the gold country is argillite. This 
belongs to an extensive formation of the same, which crosses 
tlie State in numerous beds, forming a zone more than twenty 
miles in width, and embracing, among many less important, 
varieties of slate, several extensive beds of novaculite, or whet- 
stone slate, ' and also beds of pctrosiliceous porphyry and of 
greenstone. These last lie over the argillite, either in detached 
blocks, or in strata that ai’e inclined at a low^er angle than that. 
This ample field of slate I had 'supposed to be the peculiar 
repository of the gold ; but a personal examination discovered 
that the precious metal, embosomed in the same peculiar stra- 
tum of mud and gravel, extends beyond the slate on the west, 
spreading, in the vicinity of Concord, over a region of granite 
and gneiss. 

A geographical description of the gold country would pre- 
sent little that is interesting. The soil is generally barren, and 
the inhabitants are mostly poor and ignorant. The traveller 
passes the day without meeting with a single striking or beau- 
tiful object, either of nature or of art, to vary the tiresome 
monotony of forests and sandhills, and ridges of gravelly quartz. 
Here and there a log hut or cabin, surrounded by a few acres 
of com and cotton, marks the little improvement which has 
been made by man, in a region singular^ endowed by nature. 
The road is generally conducted along the ridges, which slope 
on either hand into valleys of moderate depth, consisting chiefly 
of fragments of quartz, either strewed coarsely over the ground, 
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or so comminuted as to form gravel : these ridges have aft ap- 
pearance of great natural sterility, which, moreover, is m’eatly 
aggravated by the ruinous practice of frequently burning over 
the Ibrests, so as to consume all the leaves and under-groveth, 
givinil to the forest tl>e aspect of an artificial grove. 

The principal mines are three — the Anson mine, Reed’s 
mine, Parker’s mine. 

The Anson mine is situated in the county of the same name, 
on the witters of Richardson’s creek, a branch of Rocky River. 
This locali^^ was discovered only two years since by a ‘‘gold 
hunter,” — one of an order of people, that begin already to be 
accounted a distinct race. A r.vulet winds from north to 
south between two gently sloping hills that emerge towards 
the south. The b^ of the stream, entirely covered with 
gravel, is left almost naked during the dry season, which 
])eriod is usually selected by the miners for their operations. 
On digging from three to six feet into this bed, the workman 
comes to that peculiar stratum of gravel and tenacious blue 
clay, which is at once recognised as the repository of the gold. 
The stream itself usually gives*the first indication of the rich- 
ness of the bed through which it passes, by disclosing large 
pieces of the precious metal shining amotfg its pebbles and 
sands — ^such was the first hint afforded to* the discoverer of 
the Anson mine. Unusually large pieces were found by those 
who first examined the place, and the highest hopes were in- 
spired. On inquiry it was ascertained tnat part of the land 
was not held by a good titles and parcels of it were immedi- 
ately entered^ s but it* has since been a suUect of constant liti- 
gation, which has retarded the working oi the mine. 

Reed’s mine in Cabarrus is the one vmich wa$ first wrought ; 
and at this place,' indeed, were obtained the first specimens of 
gold that were found in the formation. * A large piece was 
round in the bed of a small creek, which attracted attention 
by its lustre and specific gravi^; but it was retained, for a 
long time after its discovery, in the hands of the moprietor, 
through ignorance whether it were gold or not. This' mine 
occupies the bed of Meadow creek, (a branch of Rocky 
River,) and exhibits a level- between two hillocks, which rise 
on either side of the creek, affording a between frotn 

fifty to one hundred yards in breadth. This 'space has been 
nearly all dug over, and exhibits at present numerous small 
pits ^ the dSstairoe of one fourth of a mile on both sides of 

* A (liece of had is said not to be enicTed when it remains the property 
of the public* without taxation. Any one is at liberty to enter ^ the State 
books whatever land ha can find in this dtuation, the land beii^' sdCUi^d 
to him on his becoming re^onsible for the taxes. 

*VoI.65. NaS25. May 1825. 3 B the 
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the streanu The jsurface gf the gi*ound anil the Ixeii of the 
creek ardoqctipied by quartz aud bv shai'p angular rocks of 
the greenstone family. The first glance h sufficient to con- 
vince die spectator that the business of searching for gold is 
coDilucted under numerous disadvantages^ without tlie least 
regard to $ystem> and with very little aid from meclianicai 
conti'ivances. The process is as ibllows. During the dry 
season, when the greatest part of the level above described is 
left bare, and the creek shrinks to a small rivulet, the work- 
man selects a spot at random, and commences digging a pit 
with a spade and mattock. At first he penetrates through 
three or four feet of dark^colOured mud, full of stones in 
angular fragments. At this depth he meets witli that peculiai 
stratum of gravel and clay, which he recognises as the matrix 
of tlie gold. If the mud be very dense and tenacious, lie ac- 
counts it a good sign ; and if stains or streaks of yellow oc- 
casional^ blue mud, it is a fortunate symptom. 

SomediKies he penetJiates through a stratum of the ferruginous 
oxide of man^^aese, in a rotten friable state. Tlits be deno- 
minates ^^citmcrsi*^ and regards it also as a fevourable omen. 
Having anrlv^ proper stratum, which is only a few 

inclie^mlck, l&e removes it with a spade into the cradle.’' 
'jfhis is a aeaii-<ylmder laid on its side, (like a barrel bisected 
longitudinally and laid fiat-wise,) and made to rock like a 
cra^ on two parallel poles of wood. The cradle being half 
filled with the rubbish, water is then laded in, so as nearly 
to :^.d}e vessel. The cradfe is now set to rocking, the gravel 
being ^occasionally stirred with an iron'iake^ untiT the coarse 
stones arc^^tirely freed from the blue inud,i — a part of the pro- 
ceas^j§i;h^ ^ (kc difiicull;, on account of the dense aahe- 
slve4)]^ty ot the mud. .Bv rocking the cradle rapidly, tlie 
ivafer is^thrown* overboard, loaded with as much mw as it is 
capable of suspending. The coarser stones are then picked 
more water i«i added, and the same process is 
repeated^ On pouring out the water a second time, (which is 
don^ by ulclinmg' the cradle on one side,) a layer of coarse 
gtpvfilf appears on the top, which is scraped off by hand. At 
me d^se of each i^asbing, a similar layer of gravd appears on 
the top, which appears more and more coniminuted until it 
gram^tes into me aand, covering the bottom of the cradle. 
Atl^igth this residuum is transferred, to an iron dish, which 
is dipped horizontally into a pool of water, and subjected to a 
rotary motion. All the remaining earthy matter goes over- 
board, and nothing remains but a fine sand, chi^y fernigi- 
noui, and the parnefes of gold for which the whole labour has 
been performed. These are frequently no larger than a pin’s 

head, 
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iieail, Init vary in size from mere dust to pieces weighing'^oiic 
or two pennyweights. Large pieces, when they oqcur, are 
usually pickw out at a previous stage of the process. 

Large pieces of gold are found in this akhbu|^ 

Uieir occurrence is s(unewhat rare. Masses weighing lour, 
dve, and sbt hundred pennyweight^ are oecasWaHy met 
with ; and one mass was feuna that weighed, in its crude stdWy 
28 lbs. avoir4u)KHse. This vras dug up a negro at Reed'S 
mine, within a few inches of the suiface of ttie grbund. Mat^ 
vellous stories are told respecting this rich m»s»^ms that !t 
had been seen by goUl-^huntees at night, reflecting ao briRkuit 
a light, when they drew near to it, with torches, as to make 
them believe it was some supernatural appearance, ar^ tb 
deter them from further exainmaiion. But all stories of this 
kind, as I was assured by Mr. Reed the okl proprietor, are 
mere fables. No unusual circumstances were connected with 
the discovery oi* this mass, except its being near^ the surlhce 
than common. It was melted down and cast into bars sOon 
after its discovery. The spot where it was (bund has been 
since subjected to the severest ^ruUny, but without any ^mtfer 
harvest. Another mass weighing 600 pcainywis. was mund'bn 
the surface of a ploughed neld m the vicinity of the Yadkin, 
twenty miles or more north of Reed’s mine* Specimens of 
great elegance;, as I should infer from the descriptions pf ^the 
miners, are occasionally found; but for want of mineralogists 
to reserve them for cabmets,«th^ have always been thlowo 
into the common stock and meked into bars. Mr* Reed focMd 
a mass of quart^ havii^; a orojecting point of gpld of the 
size of a large pin’s head. On breaking it open, a brllliaht 
display of gre&i and yellow colours was pres^itro, which he de» 
scribedasexceedinglybeautiful* The gold wdighed 13 penny wta. 
The mineralogist may perhaps recognise in this descHptibn 
a congeries of fine crystals, out on that point the ptoprietPr 
could not inform me. Although fragments of greenstone and 
of several argillaceous minerim occpr amdng the ffrutel of 
the goid*styatuiii, yet, ip the ofdnion of the minei^ the 
doiis^metkl is never found attached to any other mineral tmm 
quartz; Indeed it is rarely attached to any substance^ but is 
commonly seattered protmseoousiy among the grhvd. Its 
colour is generally yeUow with a reddish tinge, ihet^ the 
surface is not unfreqiieiiUy*(foM»red by a partfel incrustation of 
iron or manganese^ or by ajdbwing ptuiictes of sand. The 
masses am flatteiied andvesicalar Having aisles rotmded with 
evklent marks of auritioot The rounded angles and vesteuJar 
structure lead to the <minioti^ which is very genera), that tfie 
metal has undergone Jiisim / but any one who iUSpeeis the 
. S B 2 specimens 
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specimens narrowly, will be convinced that their worn and 
rounded appearance is owing to attrition, and that the cavities 
are produced by the indentation of sand and gravel, the exact 
impress of which may be observed, and partides of them may 
sull frequently be seen imbedded. The gravel, moreover, 
which is separated by washing, bears evident marks of attri- 
tion, of a limited duration^ sufficient to round its edges anti 
angles, but not sufficient to destroy them : the fragments are 
not ovoidal like the pebbles of rivers, but are still flat, retain- 
ing their original form, except that their edges are dull and 
their angles blunted. In short, the whole appearance is such, 
as would naturally result from so soft a substance as virgin 
gold being knocked about among such stern associates as 
quartz and greenstone. 

The appearance of fusion, supposed to be exhibited by the 
gold, has inspired the idea among the miners, that the small 
pieces which they obtain have been melted out from some ore 
that lies disguised somewhere in the vicinity. This idea has 
frequently made them the dupes of imposition. The mineral 
rod, charms, and other follies, have had their reign here ; and 
the first is still held in some estimation. The common rocks 
and stones of the country have been tortured by a new race 
of alchymists, who have imagined them to be the ore of gold, 
veiling, under some disguise, the characters of thg precious 
metal. A great degree of eagerness also pervades the country 
on the subject of the metals in general. The minerals thrown 
out in excavating pits in search of gold, consist chiefly of 
quartz, greenstone, and hornblende inixeil with cldorite, and 
afford little that is interesting to the collector of specimens. 
Almost the only substance which I met with, that was worth 
preserving merely as a specimen, was pyiitous copper. Of 
this I saw some elegant fragments. It occurs in a gangue of 
quartz, and resembles that found at Lane’s mine at Hunting- 
ton, Con. (Amer. Journal of Science, vol. i, p. 316.). A vein 
of it pccurs in slaty clay, six miles east of Concord, in Cabar- 
rus county. This ore had been subjected to numerous ex- 
perin;icnts, on account of the belief that it was the ore of 
gold ” above mentioned ; and, although the experiments did 
not lead to the discovery of gold, yet a “ German miner and 
mineralogist” had, it was said, detected platina in it On 
seaichii^ into the evidence of so unexpected a result, 1 was 
inform.ed that .a white metal was produced from this ore, which 
was not lead, . nor tin, nor silver, but answered perfectly to 
the description of platina, although, as thw acknowledged, it 
was easily fused, ami burned with a blue iiaine. I suspected 
it to be metallic antimony^ but still could perceive no signs 

t>f 
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of that metal in the ore. I requested a minute account of the 
process. — The materials, namely, the ore, charcoal, borax, 
&c. were put into a crucible-^emetic tartar, in considerable 
quantity, was added to make the ore spew ouP* the metal. 
Ipecacuanha was afterwarts tried with the same view, but was 
not found to be strong enough to make the ore vomit.” 
After the account of the process, it was not difficult to account 
for the production of antimony, it being obviously derived 
from the emetic tartar. 

At Concord near the western limit of the gold country the 
metal is found in small grains in the streets and gullies, after 
every rain ; and the gullies frequently disclose the stratum of 
gravel and mud, well known as the repository of the gold. 
Washings on a more limitecl scale are conducted here. The 
clay is not so dense at this place as at Reed’s mine, but more 
ferruginous and full of spangles of golden-coloured mica. 
This stratum rests on gneiss: those before described w'ere 
over the slate formation. 

Parker’s mine is situated on a small stream four miles south 
of the river Yadkin. As in the instances already mentioned, 
excavations were numerous in the low grounds adjacent to the 
stream ; but, at the time of my visit, the earth for washing 
(which was of a snuff colour) w^as transported from a ploughed 
field in the neighbouvhocKl, that w^as elevated above filly or 
sixty feet above the stream. The earth at this place wliicli 
contained the gold was of a deeper red than that at either of 
the other mines. The gold found here is chiefly in flakes and 
grains. Occasionally, however, pieces are met with which weigh 
100 penny wts.|and upwards; and very recently a mass has been 
discovered that weighed four pounds and eleven ounces. This 
is said to have been found at the depth of ten feet, wliich is a 
lower level than any I had heard ol’ before. The idea of an 
aqueous deposit, which is apt to be impressed upon us when- 
ever we either inspect the formation or reflect uj)on its origin, 
would lead us to expect, on account of the great specific gravity 
of gold, that tlie largest masses would be found at the lowest 
depths. But I am not aware that any uniformity exists in this 
respect. The largest mass hitherto discovered was, as has 
been mentioned already, found witliin a few inches of the sur- 
face. It is evident that the thin stratum which contains the 
metal will be buried at different depths, by variable quantities 
of alluvial earth, that are accumulated over it by causes still 
in operation ; and consequently, that the depth at wliich the 
stratum happens to l>e met with in any given place, is no cri- 
terion of its richness. . Nor does the fact that this fortunate 
discovery was made at a lower level than ordinary, afford any 

encouragement 
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encouragemeut to work lower thaa tlie uaual <Ie])th« It might 
interest geological curiosity, however,, to learn tlie nature of 
the strata below the goki dsfiosi^ altbough I do not know 
that the existence of mis furoishes any reasonable grounds foi' 
supposing that tliere are other similar deposits below it. I 
could not find that any search had l)eea madet with such an 
ex|^tation, except in a single instance^ Near the spot where 
the largest mass was found, the earth was penetrated a tew feet 
below the gold bed. Iininediately beneath this was a thin layer 
of green sand, and next a similar layer of a Iwight ^k>w sand. 
These had a very handsome appearance, but neither of them 
seemed to contain any thing more precious than mica* 

Tlie terms on which the proprietors of the mines permit 
them t» lie worked, vary wkn the productiveness of the earth 
which is worked. Some of the miners rent for a ibarth of the 
gold found; some for a third, and others claim half, which is 
the liighest premium hitherto paid. The avarage product at 
Ileed’s mine was not more than sixty cents a day to eacli 
labourer; but the undertakers are buoyed up with the hope of 
some splendid discovery, like those which have occasionally 
been made. 

The mines have given some peculiarities to the state of so- 
ciety in the neighbouring country. The pinecious metal is a 
most favourite acquisition, and constitutes the common cur- 
rency. Almost every man carries about with him a goose 
quill or two of it, and a small pair of scales in a box like a 
spectacle-case. The value, as in patriarchal times, is asceltained 
by weight, which, from the dexterity acquired by practice, is 
a less troublesome mode of counting money than one would 
imagine. I saw a pint of whisky paid for by weighing oil* 
three grains and a half of gold. 

The greatest part of the gold collected at these mines is 
bought up ^ the country merchants at 90 or 91 cents a pen- 
nyweight. They carry it to the market-towns, as Fayetteville, 
Cheraw, Charleston, and New-York. Much of diis is bowht 
up by jewellers; some remains in die banks; and a conside- 
rable quantity has been received at the mint of Ae United 
Slates. Hence it is not easy to ascertain the precise amount 
which the mines have afforded. The value of that portion re- 
ceived at the mint before the year 1820, was 43,689 dollars. 
It is alloyed with a small portion of silver and copper, but is 
still purer than standard gold, being 23 carats fine. (Bruce, 
Mineral* Jour. i« 125* 

It will probably appear evident to geologists, from the fore- 
going statements, that the gold of N. Calvmna occurs in a di- 
liiviiu formation. Such iti^d seems to be its usual bed ; and, 

in 
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in tills respects it resembles the gold countries of South Ame- 
rica, of England, of Scotland, of Ireland, and of Africa. (Buck- 
land, Rel. DiJuv. 218 — 20.) 

I have already adverted to^ an impression entertained by the 
inhabitants of our .gold country, that the precious metal exists 
somewhere in die vicinity in an ample bed or vein, from which 
the pieces found are derived.. It may not be uninteresting to 
inquire whether we can obtain any. light respecting its origin. 

1. Is it brought down from the sources (f Ike rivets? 

That/ this is not the case is evident, because it is not found 
merely in the beds of the rivers, but also in the neighbouring 
grounds, and tiiat too whether the ground be plain or hilly. 
The formation in fact, crosses over hill and dale, and frequently 
the earth which is obtained on the hill side, or on the summits 
of an elevation of one or two hundred feet above the beds of 
the streams, is rich in metal. It is. found on botli sides of the 
Yadkin, and in the bed and throughout all the branches of 
Rocky River. It is evident, then, that the rivers do^ not 
bring doWii the gold from their soiux^es, but that they cut 
through a stratum containing it, which covers like a mantle, 
an extensive tract of the country through which they flow, 
and that they bring the precious metal to view by separating 
it from its stony matrix. 

2, Did the pt'csetit lumps and grains evet'fomi parts of large 
masses in a continued bed or vein ? 

It has been already remarked that the present aspect of 
these pieces is such as would naturally result from collision 
among the siUceous fragments that accompany them. Impres- 
sions of sand and gi'avef, or even imbedded sand, might, it is 
true, be the result of fusion in a bed of saiid ; but the appear- 
ance is not th^ which arises from fusion under such circum- 
stances, the cavities being superfleial, forming impressions or 
indentations, while there iano a{^arance inauy ap^cimen that 
I have seen of a grain of sand enveloped by tiie mass^r But 
if the present appearance of these lumps and grains be owing 
to aUrition, and the formation be, as we have supposed, a de- 
posit from water, then we must regard them as Uie remains of 
larger pieces, reduced in size by collision with the accompa- 
nying minerals, but not as parts of very large masses which 
have been torn up and broken into fragmnnts. The same cause 
that would be suflicient to break ^ into fragments the accom- 
panying gravel, would not break up lar^ masses of gold into 
smaller pieces, since gold is soft and malleable, and not brittle 

• vide Kipwan’s GeplogScal Essays, 402. 

and 
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aud unyielding like c^uartz. The effect of running water and 
dashing rocks would be to wear down the pieces of gold and 
compress them, but not to break them. The fine flakes and 
dust of gokl may be conceived to have been produced in this 
manner; and the relative quantity of dust may afford some 
means of judging of the original size of tlie lumps and grains 
from which it was derived. In the gold of this formation, but 
little dust, comparatively, is saved, although more, I believe, 
might be saved by a more improved process of working. At 
present the greater part collected is in the state of grains, or 
small scattered lumps. The inference is, that this gold existed 
originally, that is, before its removal to its present position, in 
pieces somewhat larger than those found at present, but still 
of a moderate size. Whether these pieces lay contiguous to 
one another jii a large vein,' or whether they were flattened 
abroad in individual masses, it is, perhaps, impossible to tle- 
cidQ. The fact that small veins have been found traversing 
quartz, iavours the idea that this was the original mode of ex- 
istence. 

There are some circumstances which induce the belief, that 
the materials of the deposit itself were derived from the great 
slate formation before mentioned. The green mud may be 
supposed to have been formed out of the chlorite and argil- 
laceous rock, with which the formation abounds ; the green- 
stone pebbles correspond with a class of rocks of the same for- 
mation ; and the quartzose fragments answer well in a})pear- 
ance to the larger fragments, that are profusely scattered over 
the ridges of the slate country. Moreover, two masses of gold, 
each weighing several pennyweights, have been found in the 
county of Orange, over the same formation, 60 or 70 miles 
north of the gold region. Hence might be derived some faint 
liopes of finding the gold in native veins or beds; but still these 
may have been in die “ fountains of the great deep” that were 
broken up. 

If we suppose that gold dust is universally derived from di- 
luvial action on lumps of the same metal, it will account for 
two well known facts ; — first, the very general diffusion of par- 
ticles of gold among the sands of all countries ; and, secondly, 
the circumstance of many rivers that were anciently auriferous, 
having now ceased to be so; as the Tagus, Po, and Pactolus 
(Kir wan. Geological Essays, 402.) This author also adds, 
that it appears by the testimony of Disdown that some of the 
rivers of France were much more abundantly auriferous in 
former ages dian they are at present. The dust derived from 
diluvial action may be conceived to be exhausted or washed 
out in the course of ages, while there is now no process going 
forward for supplying the waste. 


LXI. i^ofkes 
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LX I. Nolices respecting Ne^oo Books* 

The Elements of Medical Chemistry ; embracing only those 
Branches of Chemical Science which are calculated to illus-^ 
irate or explain the different Objects of Medicine ; and to 
furnish a Chemical Grammar to the Autho?'^s Phannacologia. 
Illustrated by numerous Engravings on Wood. By John 
Ayrton Paris, M.D. F.R. & L.S., Fellow of the Royal 
College of Physicians of London, &c. London, 1825. 
8vo. pp. 586 : with an appendix of tables. 

work, Dr. Paris informs us, — in a spirited ‘•dialogue 
between the author and a practitioner who is about t > 
direct the medical studies of his son” which serves as a preface 
to it, — is founded upon the notes from which he formerly lec- 
tured. “ And as niy pupils were entirely medical,” he observes, 
•‘ it was my care to collect all the chemical facts of professional 
interest, to conduct the student to a knowledge of their 
principles by the shortest path, and to remove from his road 
every adventitious object that might obstruct his progress, 
or unj)rofitably divert his attention.” 

In these objects, we think, Dr. Paris has been eminently 
successlul in the work before us : it is an excellent and ad- 
mirably arranged selection of facts from the best authorities 
on the subjects of which it treats, combined and applied in 
such a manner as evinces the author to be a master of the 
science of “ Medical Chemistry.” Nor is it deficient in ori- 
ginal views, where alone in such a work they were to be ex- 
pected,— on the relations of chemistry to pliysiology and pa- 
thology ; and we cannot do better, perhaps, than quote, as 
a specimen of the author’s style and manner of treating his 
subjects, part of his statement In what manner Chemistry 
is subservient to Medicine,” &c. After stating the specious 
objection to the utility of chemical science in physiology, 
founded upon the axiom •• that animated bodies are not only 
enabled to resist all the laws of inanimate matter, but even to 
act on all around them in a manner entirely contrary to those 
laws,” he enters into the following examination of this argu- 
ment and some of its beai'ings 

•• 8. Nor must it be forgotten that in some of the functions 
of the living body, the -vitm energy would seem rather to cor- 
respond in its action with chemical affinity, than to oppose 
or supersede its influence ; and several of the senses may be 
said to owe their energies to the perfection of organs which 
are entirely constructed upon philosophical principles. Thus 
re the laws of optics and acoustics in active operation during 
Vol. 65. No. 325. May 1825. 3 C the 
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the exercise of the visual and auditory apparatus; and it is a 

a uestion Whether some chemical action is not established by 
le agency of sapid bodies upon the epidermis of the mucous 
membrane of the mouth ; it is, at least, seen evidently in some 
cases, as in the effects of vinegar, the mineral acids, a great 
number of salts, &c. By the same agents similar effects are 
produced upon dead bodies; and Dr. Maiendie thinks that to 
this species of combination the different kinds of impression 
made by sapid bodies may be fairly attributed, as well as the 
variable duration of such impressions. Nor is it reasonable 
to deny that many of our remedies may act by a chemical ac- 
tion on the alimentary canal : alkalies arc thus frequently 
serviceable, by clearing the primae vise of superfluous animal 
matter, which they effect by forming with it a soluble compoiim?. 
If the origin of animal heat cannot be satisfactorily traced to 
a strictly chemical source, its maintenance, distribution, and 
regulation may at least be shown to depend upon the agency 
of those laws which alike govern tlie temperature of inert mat- 
ter. Do we not perceive that every animal suffering from 
diminished temperature, instinctively diminishes the surface 
of its body, which is in contact with the cooling medium ? 
Man under such circumstances is seen to bend the different 
parts of his limbs upon eacli other, and to apply them forcibly 
to the trunk It will be also seen, when we come to consider 
the nature of capillary action, that many of the phainomeim 
of living bodies, which have been erroneously attributed to the 
action of the living principle, may be satisfactorily explained 
by the simple operation of this attractive force. The absurdi- 
ties of the chemical and mechanical sects have undoubtedly 
driven the modern physiologist into a mischievous scepticism 
with regard to the influence of physical causes upon a living 
animal. John Hunter, even to associate whose name with error 
will be regarded by many as an act little short of impiety, has 
repeatedly attributed to the specifle effect of life, actions that 
ought to be solely referred to the powers belonging to inani- 
mate matter. In the same manner an objection to impute to 
the physical property of elasticity certain phaenomena ex- 
hibited by membranous structure, has led Bordieuf, Bichat 
Blumenbach §, and others, to assign tq it a peculiar vital power. 

Children anil weak persons often take this position when in bed. It 
would therefore be improper to confine young children in swathing dollies 
so as to prevent the necessary flexion. 

-j- Recherches sur le Tissu Miiqueux, § 70.. 

I Traitd'des Membranes, pp, G2, 101, 133. 

^ Instit. Physiolog. § 40, 59. 

whose 
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whobe existence has neither been proved by experiment, nor 
rendered probable by analogy. 

9. But there is another point of view in which the same 
question may be advantageously regarded. The pathologist 
will have to contemplate the living powers in various states of 
languor and decay, when they will be found incapable of 
wholly resisting the laws which govern inanimate matter; 
and we shall learn, during tlie progress of the present work, 
that in certain conditions of the human body, several of the 
fluids will undergo the same chemical decompositions as 
would take place in the laboratory. The same observation 
will apply to the agency of mechanical causes. In a state of 
l^erfect health, the fluids of the body will not descend to the 
inferior parts, agreeably to the law of gravitation, because 
the vital power opposes itself to this hydraulic phenomenon, 
and with an energy in direct proportion, as it would seem, to 
the robust and vigorous state of the individual ; for if the per- 
son be reduced by disease, this tendency will be only im- 
perfectly resisted ; the feet in consequence will swell. The 
following experiment of Richerand may be here related, to 
show how greatly the power manifested in the living body of 
resisting, with more or less success, the influence oT physical 
force, is enfeebled by disease. He applied bags fllleci with 
very hot sand all along the leg and foot of a man who had 

just undergone the operation for popliteal aneurism; the 
artery was tied in two places under the ham. Not only was 
the usual coldness which follows an interruption of the circu- 
lation thus prevented; but the extremity, so managed, acquired 
a degree of heat much greater than the ordinary temperature 
of the body. The same apparatus, when applied to a healthy 
limb, was unable to produce that excess of caloric, obviously 
in consemience of the energy of life opposing such an effect 

10. Mr. Earle has published an interesting paper*, to 
prove that, when a limb is deprived of its due share of vitality, 
it is incapable of supporting any fixed temperature, and is pe- 
culiarly liable to partake of the heat of surrounding media. 
The cases which are adduced prove also that a member so 
circumstanced cannot without material injury sustein a degree 
of heat which would be perfectly harmless, or even agreewle, 
to a healthy part: thus, the arm of a person became paralytic, 
in consequence of an injury of the axillary plexus of nerves, 
from a fracture of the collar-bone. Upon keeping, the limb for 

* Cases and Observations, illustrating the Influence of the Nerves Sy- 
stem in regulating Animal Heat : by H. Earle, Es^. I^blisbed in the 7th 
volume of the Transactions of the Mcdico-Chirurgical Societ5'. 

3 C 2 nearly 
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nearly half an hour in a tub of warm grains, which were 
previously' ascertained by the other hand not to be too hot, 
the whole hand became blistered in a most alarming manner, 
and sloughs formed at the extremities of the fingers. In a se- 
cond case, the ulnar nerve had been divided by the surgeon for 
the cure of a painful affection of the arm ; the consequence of 
which operation was, that the patient was incapable of washing 
in water at a temperature that was quite harmless to every duly 
vitalized part, without suffering from vesication and sloughs. 

It follows then that tlie pathologist may frequently 
derive important conclusions from the doctrines of chemistry, 
although we must deeply regret that tliis de])artment of me- 
dical knowledge, like that of physiology, should have suffered 
from too hasty generalization: but let no one attempt to tole- 
rate his apathy, or to encourage his despair, by a reference to 
failures which have arisen on the one hand from a deficiency 
of knowledge, and on the other from errors which are to be 
solely attributed to a perversion of it ; — let him rather seek en- 
couragement in the contemplation of those useful improve- 
ments which have been derived from the judicious application 
of chemical science, and which are daily augmenting the re- 
sources of the intelligent physician, and teruling to diminish 
the aggregate of human suffering.” 

Dr. Paris concludes his work with announcing his intention 
of following it by a volume on Animal Chemistry, having been 
prevented from proceeding beyond Vegetable Chemistry, it 
would seem, by the bulk to which the work had already ex- 
tended ; — and we hope he will speedily fulfil this design. 

Rcccntli/ published. 

The Third Part of Volume XIV. of the Transactions of 
the Linnaeau Society of London, has just appeared ; and the 
following are its contents : 

Observations on the Natural Affinities that connect the 
Orders and Families of Birds. By Nicholas Aylward Vi- 
gors, Esg. A.M. — Descriptions of two Species of Antelope 
from. India. By Major-General Thomas Hardwicke. — De- 
scription of a new Species of Tailed Bat [Taphosom of Geoff.) 
found in Calcutta. By Major-General Hardwicke. — Anato- 
mical Observations on the Natural Group of Tunicata^ with 
the Description of three Species collected in Fox Channel 
during the late Northern Expedition. By William Sharp 
MacLeay, Esq., A.M. — A Description of a new Species of 
Scolopax lately discovered in the British Islands: with Ob- 
servations on the Anas glocitans of Pallas, and a Description 
of the Female of that Species. By N. A. Vigors, Esq. A.M. 

—A De- 
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— A Description of such Genera and Species of Insects, 
alluded to in the “Introduction to Entomology” of Messrs. 
Kirby and Spence, as appear not to have been before suffici- 
ently noticed or describee!. By the Rev. William Kirby, A.M. 
— Description of Cowania^ a new genus of Plants ; and of a 
new Species of Sieversia. By Mr. David Don, Libr. L.S. — 
Description of the Buceros galcaius from Malacca. By Major- 
General Thomas Hardwicke. 


ANALYSIS or PERIODICAL WORKS ON NATURAL HISTORY. 

Zoological JournaL 

No. V. of this useful work has just appeared, conuncncing the second 
volume; together with a Fasciculus of Supplementary Plates to vol. i. The 
Number contains the following articles The Ucv. Mr. Kirby’s Introdiictc»ry 
Address, explanatory of the views of the Zo()logical Club, delivered at its 
foundation, reprinted from the Philosophical Magazine. — Some further Re- 
marks on the nomenclature of Orthoptem, with u detailed description of 
the genus Scap/ntra ; also by Mr. Kirby. 'I bis I'.apcr is illustrated by fi- 
gurcb of the generic characters of Scaphura, and by a coloured figure of S. 
VigorsiL — Observations on the Stnictureof the Throat in the genus Aholn; 
by Mr. Bell with figures: On the utility of preserving facts relative to 
the habit# of animals; by Mr. Brodcrlp. — Additional observations upon 
a Fossil found in Coal Shale, and the description of a Palate found in 
Coal, near Leeds; by Messrs. J. D. C. Sowerby and K. .1. George: with 
a figure.— Notice of the Occurrence of some rare British Birds; by Mr. 
Yarrell. — Descriptions of some new and rare Vo/iUcx, by Mr. Brodcrip. In 
the introduction to these descriptions Mr. liroderip ably vindicates from 
some current aspersions the class of scientific collectors of subjects of 
Natural History, of which ho forms so distinguished a member. The only 
Volute described by him which is absolutely new is V, nililn, a beautiful 
species, of which a coloured plate is given : it is characterized as “ V. testa 
ovato-oblonga, rufcacento, macuiis subtrigouis, confluentibus, crocco-rubris 
varia; spira brevi, sutura simplici ; apicc papillari, subgranulato : anfractii 
basali tubcrculis clongatis armato, fasciisque 1?, latis, interruptis, rutilis, 
ornato; columella 4-plicata. Habitat in Ocean. Austral.?” -- Continuation of 
Mr. Vigors’s Sketches in Ornithology, of which the subjects ere, a group of 
Psi*taci(ke known to the ancients, which Mr. Vigoi*s has erectctl into a genus 
called PaUeofmis ; and a new Brazilian genns of Falctmth , to which he ap- 
plies the name of Gampsonyx, — Mr. Kirby on a pair of remarkable horned 
mandibles of an Insect; with a figure. — Mr. French on Instinct, Essay III., 
On the Specific Constitution of the Brute Ml!id,and its Modifications under 
Human Infiiience. —Characters and Descriptions of several Brazilian Tham- 
nophUi; by Mr. Swainson. — Descriptions of some shells, belonging princi- 
pally to the genus Chiton^ observed on the coast of Argylc.«<hire in 1824 ; by 
R.T. Lowe, Esq. ; with a coloured plate. — List of theBritisJi VespcrlilimvideB ; 
by Mr. Gray: from tl^-i it appears that there arc at least eleven species of 
Bats in t^s country. — Descriptions of some hitherto uncharacterized Bra- 
zilian Bims; by Dr. Such : among these is a new genus of Lcniadte dene- 
minated GiAernetes’: the species described, (?. Cunninghami^ is figiwed.— 
Analyses of Books, among which is Spix’s Simiarion ct VespertUionum 
BrnsUiensium Sipvciei Kov<d . — Zoological piocecdings of Societies.— The 

Sup. 
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Supplementary Plates are 8 in number, ami arc beautiiiilly exccnlccl: 
'labb. I. to in. illustrate Mr. Vigors’s account in Ntj. IV, of the genus of /Vi/- 
tacidee, which he has culled Phiycerctis ; Tab. IV, represents Psittucus 
rhoptemsy also described by that naturalist; and Tab. V. to Vtlt. 
ThamnophUiy docribed by Dr. Such. 


LX 1 1. Proceedings of Learned Societies, 

ROYAL SOCIETY. 

May 5.— PROFESSOR BARLOW, F.R.S., in a letter to 
^ Mr. rierschel, communicated a paper On the 
mt^neiism imparted to iron bodies by rotation. 

May 12. — A paper was read On the magnetism produced 
in an iron plate by rotation ; by S. H. Christie, Esq. A.M. 
F.R.S. 

May 19. — A paper was read, entitled A Description of the 
Transit-Instrument by Dollond, erected at the Observatory at 
Cambridge ; by Robert Woodhouse, A.M. F.R.S. : and Pro- 
fessor Buckland communicated a paper On the fossil elk of 
Ireland; by Thomas Weaver, M.R.I.A., &c. 


LINNiEAN SOCIETY. 

May 3. — The President (Sir J. E. Smith) in the Chair. — 
Professor Fr. A. Bonelli, and M. Ch. Si^ismiind Kunth were 
chosen to fill the two vacancies in the list of Foreign Mem- 
bers. The remaining part of Messrs. Sheppard and Whit- 
ear’s paper on the Birds of Norfolk and Suffolk was read : 
it concluded with a table of the times of the migration of 
various species, as observed at several places in those counties 
for a series of years. A further portion of Dr. Hamilton’s 
Commentary was also read. 

May 24 j. — T he Anniversary of the Linna*an Society was 
held on this day at one o’clock, at the Society’s house in Soho 
Square, Sir J. £. Smith, President, in the Chair ; when the 
following were chosen Officers for the ensuing year. 

Sir James Edward Smith, M.D. F.R.S., &c. President ; 

Edward Forster, Esa. F.II.S. &c. Treasurer; 

James E. Bicheno, Esq. Secretary ; 

Richard Taylor, Esq. Assistant feretory. 

The Vice-presidents of the preceding year were re- 
appointed : viz. Samuel, Lord Bishop of Carlisle, LL.D 
V.P.R.S.'F.A.S.; A.B. Lambert, Esq. F.R.S. A.S. and H.S.; 
Wm. Oeo. Maton, M.D. F.R.S. and A.S. Edward. Lord 
Stanley, M.P.F.H.S.; 

The following gentlemen were appointed to fill up the va- 
cancies in the Council : — ^James E. Bicheno, Esq. ; Edward 

Horne, 
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Horne, Esq. \ Charles Konig Esq. ; Rev. Tliomas lluckett ; 
James F. Stephens, Esq. 

The anniversary dinner of the Society at the Freemasons* 
Tavern was well attended. The presence of Sir J, E. Smith 
in improved health added much to the enjoyment of the day. 
Among tliose who addressed the meeting on subjects interest- 
ing to the lovers of Natural History, were the venerable 
bishop t)f Carlisle ; Lord Stanley ; T. A. Knight, Esq., Presi- 
dent of the Horticultural Society ; the Rev. Professor Buck- 
land, President of the Geological Society ; and the Rev. Dr. 
Fleming. Numerous expressions of respect and cordial 
esteem towards A. MacLeav, Esq., who has for many years 
most ably filled the office of Secretary, were called forth on 
the occasion of his quitting England for a time, to fill the im- 
portant office of Colonial ^cretary in New South Wales. 


astronomical SOCIETV. 

May 13. — The rending of Mr. Henry Atkinson’s elaborate 
coinnuinication on the subject of Refraction was concluded. 
In the course of this paper the author has collected and ar- 
ranged a great variety of meteorological observations, made in 
diflerent seasons, and at different parts of the world, for the 
purpose of enabling him to ascertain the mean temperature at 
the equator and in different latitudes, as well as the Jaw of 
variation in the temperature of the air at different lieights 
above the level of the sea. From these data he has deduced 
formuldB, by the use of which the computed and ohsei'ved mean 
temperatures in any given place, or at any given height, ap- 
pear to agree in a remarkable manner. His next inquiry is, 
to ascertain the law by which the height and the elasticity of 
the air is connected ; and also the relation between the elastic, 
city and density at any given height. I’hese inquiries are 
guided by observations and experiments that have been made 
and published by men of eminence in this department of 
science. The reasoning and deductions are founded on ac- 
knowledged facts; and hypothesis furnishes no part of the data 
from which the tables, founded on these investigations, are 
computed. Astronomical observations supply no portion of the 
materials w'hich form the basis of the computations, but all 
the results are obtained by formulae depending on optical pi'in^ 
ciples: so that the near agreement of the quantities contained 
in these tables (when properly collected) with those given by 
the most approved modern tables of refraction proves that the 
various formulas by which these quantities were obtained are 
founded in nature, as well as happily applied. The atmo- 
sphere is divided into a variety of strata, and each stratum has 
its appropriate fiirmula for determining its share of mean re- 
fraction ; 
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Ihictioii ami wlicii the ditierent portion.:; belonging to thr 
different strata are put together in succession, they constitute 
such ail arrangement of quantities as proceed by a regular 
gradation, or very nearly so ; and notliing but a close exami- 
nation of the differences can detect that the whole succession 
has not depended on one continued formula. Besides the at- 
mospheric refractions adajited as corrections for celestial ob- 
servations, the author has applied one of his formulae success- 
fully to determine the terrestrial refraction as it has reference 
to two objects standing in different elevations : so that whether 
this memoir be considered as a meteorological, geodetical, or 
astronomical communication, it cannot but be regarded as co- 
pious, elaborate, and interesting. 

There was also laiil before the meeting an account of ob- 
servations made at Paramatta, iu New South Wales, by Major- 
Gen. Sir Thomas Brisbane, K.C.B. Governor, &c.; communi- 
cated in a letter to Francis Baily, Esq. President of this So- 
ciety. These refer to the solar eclipse on January 1, 1824'; 
to several occultations of fixed stars by the Moon ; to stars 
observed with the Moon near her parallel ; to observations 
before and after the superior conjunction of Venus with the 
Sun, July and August 1824; to observations on the planet 
Uranus near the opposition in July 1824; and to observations 
on two comets, one of which was not observed in Europe. 

Next there was read a report On the properties and })owers 
of an altitude and azimuth circle constructed by Edward 
Troughton, and divided by T. Jones; drawn up by the llev. 
W. Pearson, LL.D. F.R.S. and Treasurer to this Society. 
The peculiarities of the coiistrnciion of this fine instrument 
cannot be adequately described in an abstract. But some 
estimate may be observed of its accuracy from stating, that by 
comparing the mean latitude of Scutli Kibwortli rectory ( Lei- 
cestershire) with each and all of sixteen separate determina- 
tions, it does not differ more than one second and one-tenth 
from the extreme latitude ; that the true obliquity of the ecliptic 
at the December solstice 1 824, as determined by this instru- 
ment, was 23° 27' 44", 01 ; while the mean of the determinations 
of Delambre, Brinkley, and Bessel is 23° 27' 44", 55. Ob- 
servations on the pole-star, and another determination of the 
obliquity of the ecliptic, by a method suggested by Dr. Brink- 
ley, serve still further to confirm the character of the instru- 
ment for accuracy, and the value of such an instrument when 
used by a skilful, scientific, and experienced observer. 

The reading was commenced of a paper On the construc- 
tion and use of some new tables for determining the apparent 
place of about 3000 principal fixed stars ; drawn up, at the 
request of the Council, by the President. 


ROVAI. 



French Institute. — Collectiofi of Shells. 393 

ROYAL ACADEMY OF SCIENCES OF PARIS. 

March 7. — The director-general of bridges and causeways 
requested the Academy to hasten the work required of it by 
government, on high-pressure steam-engines. — M. Ferrand 
presented a new drawing of his marine lever. — M. de LacepMe 
made a verbal report on M. Virey’s History of the Human Race. 
~M. Mathieu, in the name of a commission, read a report on 
the Panorograph of M. Puissant. — M. Arago exhibited to 
the Academy an apparatus, showing in a new form the action 
which magnetized and non-magnetized bodies mutually exert 
on each other. In his first experiments, M. Arago proved 
that a plate of copper, or of any other solid or liquid substance, 
placed under a magnetic needle, exerts on it an action which 
immediately affects the amplitude of its oscillations, without 
sensibly altering their duration. Tlie phaenonienon to which 
be now directed the attention of the Academy may be regarded 
as the converse of the preceding. As a needle in motion is 
stopped by a plate of copper, &c. at rest, M. Arago conceived 
that a needle at rest would be moved by the plate when in mo- 
tion. If a plate of copper, in fact, be made to revolve with 
any determinate velocity beneath a magnetized needle con- 
tained in a vessel perfectly closed, the needle will no longer 
take its usual position: it stops without the magnetic meridian, 
and so much the further from that plane as the rotation of the 
plate is more rapid. If the rotary motion be sufficiently ra- 
pid, the needle turns continually round the wire on which it is 
suspended, whatever be its distance from the revolving disc. 


LXIII. Intelligence and Miscellaneous Articles. 

COLLECTION OF SHELLS. 

T N consequence of Mr. Swainson’s going abroad, he has re- 
quested us to make known his desire of parting witli his entire 
collection of shells, — It is not our intention to speak of the 
scientific interest that it is known to possess, having been 
formed by its possessor for the express purpose of writing a 
general history of testaceous animals. It contains but few 
of those well known, but costly shells, which are usually seen 
in other cabinets, neither is it rich in British Testacea ; but 
the number of species from all other parts of the world is im- 
mense; and in this respect the collection may vie with any 
now is this country. Their number, or even that of the spe- 
cimens, has never been ascertained ; but some idea of teth may 
be formed, when it is stated that the collection occupies about 
eighty good-sized drawers. 

Vol. 65. No. 325. Map 1825. 3 D 
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FALLING STAB SEEN AT MID-DAY. 

On^the 13th of August at a quarter past eleven in 

the forenoon^ as I was employed in measuring the zenith dis- 
tances of die pole-star to determine the latitude, a luminous 
body passed over the field of the niiiversal instrument teles- 
cope, the light of which was somewhat greater than that of 
the pole-star. Its apparent motion was trom below upwards; 
but as the telescope shows images in an inverted position, its 
real motion, like that of every falling body, was from above 
downwards. 

It passed over the telescope in the space of a second, or a 
second and a half, and its motion was neither perfectly equal 
nor rectilinear, but resembled very much the unequal and 
somewhat serpentine motion of an ascending rocket, from the 
unequal burning of the charge, and the irregular re-action of 
the stream of air issuing from it on the atmospheric air. It 
was thus evident that this meteor moved in our atmosphere, 
but it must have been at a considerable height, since its angular 
motion was so slow. This is perhaps the only instance in 
which a shooting-star has been seen at mid-day in clear sun- 
shine.’^ — Hansteen. [Edin. Phil. Jourm.'] 


LENGTH OF THE PENDULUM UNDER THE EQUATOR. 

The expedition to the equator (for the purpose of de- 
termining this important problem) was set on foot by Mr., 
Goldingnani, under the encouragement of Sir Thomas Munro 
and Sir Stamford Raffles, in 1821. In 1822 the party under 
Capt. Crisp arrived at Bencoolen; and after some time occu- 
pied in searching for an eligible spot, stationed themselves on 
a small island named Gaunsah Lout, in January 1823. The 
latitude of the island was p® 1' 48"78. The observations and 
the experiments were continued till the end of March, and 
were very numerous and laborious. The details form the 
bulk of the report, a folio of 268 pages, including, however, 
a series of observations to determine the geographical position 
of a number of places in the vicinity ; — the result, affecting the 
main object of the expedition, giving the length of the pen- 
dulum at Gaunsah Lout, was inches 39*02125994. — Asiatic 
Journ, 


INTERESTING VOYAGE OF DISCOVERY. 

On Thursday his majesty’s ship Blossom, Capt. F. W. 
Beechey, sailed from Portsmouth upon her interesting voyage 
of discoveiy and survey in the Pacific, previously touching at 
Rio Janeiro, to land dispatches for his excellency Sir Charles 
Stuart. After visiting Pitcairn Island, Otaheite, Easter and 

Friendly 
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Friendly Islands, and settling indisputably the position of all 
the islands with which that neighbourhood abounds, we under- 
stand the Blossom is to proceed to Bhering’s Strait, and, if the 
season admit of it, to proceed round Icy Cape (which has not 
been effected since Capt. Cook’s discovery of it) along the 
northern shore of America towards liecla and Fury Strait, for 
the purpose of falling in with Capt. Franklin or Capt. Parry; 
and if Capt. Beechey find the sea open, it is most likely he 
will not ouiit so fortunate an opportunity of accomplishing this 
desirable object. We understand also, that the Blossom is to 
complete the survey of the coast of America in such parts about 
Bhering’s Strait as are imperfectly known ; and alter having 
rendered Capt. Franklin the assistance he may require, she is 
to proceed entirely upon discovery, directing her route for such 
purpose towards those parts of the Pacific which are the least 
known or frequented. She is furnished with a large supply of 
presents, for the purpose of bartering with the islanders, and 
has on board a handsome present for the king of Otaheite and 
the king of the Sandwich Islands. The Lords of the Admiralty 
have appointed Mr. Tradescant Lay to be naturalist to the ex- 
pedition ; and we look for the most interesting results from the 
several purposes intended to be accomplished by it. The sur- 
veying and opening a communication with the F riendly Islands 
may eventually prove of considerable importance. Upw’ards 
of 12,000 acres of land have been some time inclosed and put 
into cultivation of cotton ; the samples of which are pronounced 
inferior only to the Sea Island cotton, and much superior to 
Egyptian. — Mmn. Chron. May 24 *. 


EARTHQUAKE IN ICELAND. 

Accounts from Iceland to the middle of March say, that they 
have had a long and severe winter, which began in &ptember. 
At the beginning of January there were dreadful hurricanes, 
which were followed by inundations in several parts of the 
island. Several shocks of an earthquake were also felt in 
Norder Gossel ; and on the 20th of January, a very smart one 
in Suderland. 

This is about the same time that Santa Maura, in the Ionian 
Islands, was destroyed by an earthquake. 

Many travellers and shepherds perished in the heavy snow 
which fell during the violent storms in Norderland.— Copen- 
hagen, April 21. 

MEXICO. 

Accounts have been received of the safe arrival of Dr. Coul- 
ter at the Real del Monte mines. * We may expect from his 
zeal and ability important additions to our knowledge of the 
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Natural History of Mexico. The affairs of the mines wear a 
very fav(^urable appearance. 


TARTARIZED ANTIMONY. 

We extract the following instructive analysis of tartarized 
antimony, by Mr. R. Phillips, from the Annals of Philosophy, 

A. 100 grains of brilliant small crystals of tartarized anti- 
mony reduced to powder were heated during eight hours at 
the temperature of 212° ; they lost only 2*1 grains ; but as bi- 
tartrate of potash retains the water of crystallization when ex- 
posed to a much greater heat, I subjected 100 grains of tarta- 
rized antimony reduced to powder to a higher temperature. 
Taking the mean of several experiments, 1 found that the salt 
lost 7’38 per cent, by several hours* exposure to a sand heat. 
When one portion, which had lost 7 ‘4* per cent, in this way, 
was heated by a spirit-lamp, so as to suffer a further diminu- 
tion of 0*4, it was decomposed, and becoming of a brown co- 
lour, it emitted the smell of decomposing tartaric acid. I con- 
sider, tlierefore, 7*4 per cent, as the quantity of water. 

B. 1 attempted to ascertain the quantity of oxide of anti- 
mony in two iiifferent modes. First, 1 decomposed a solution of 
100 grains of the crystals by carbonate of soda, assisted with 
heat; the mean of two experiments gave 41*35 per cent.; but 
the alkalies being imperfect precipitants of antimony, I treated 
the solution afterwards with sulphuretted hydrogen, which 
gave a mean of 2*8 of precipitate dried at a moderate tempe- 
rature, and which I conceived to be hydrosulphuret of anti- 
mony composed of 1 atom of sulphuretted hydrogen 17 + 1 
atom protoxide of antimony 52 = 69 ; if then 69 contain 52 
of oxide 2*8 = 2*11, which, added to 41*35, gives 43*46 as 
the quantity contained in 400 parts of the salt. 

C. After this, and in order to confirm the above statement, 
I treated two solutions, each of 100 grains, of tartarized anti^ 
mony with sulphuretted hydrogen gas ; the precipitates after 
being dried on a sand heat gave a mean of 51*25 grains. Now, 
if we admit, as above supposed, that this precipitate is hydro- 
sulphuret of antimony, and of which it possesses the appear- 
ance, tartarized antimony contains only 38*6 instead of 43*46 
of protoxide of antimony as by Experiment B, for 69 : 52 *.: 
51*25 : 38*6. It may be further observed that the quantity of 
precipitate obtained in C, as well as the inference as to the 
quantity of oxide which it contains, agree very nearly with the 
previous determinations of Thenard. 

These discordant results^ repeatedly obtained,*^ puzzled me 
exceedingly, and I adopted two inodes of determining the 
quantity of oxide existing in the dried hydrosulphuret, 

D. I dis- 
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D. I dissolved 45*6 grains of protoxide of antimony in a so- 
lution of bitartrate of potash, and then precipitated it by sul- 
phuretted hydrogen : after washing and drying in the same 
mode as before, the precipitate weighed 52*8 grains ; and, as 
it had the appearance of being an hydrosulphuret of antimony, 

1 suspected that it was siibhydrosulphuret consisting of 1 atom 
of sulphuretted hydrogen, and 2 atoms of oxide of antimony, 
on which supposition 1 ought to have obtained 53’05 of preci- 
pitate instead of 52’8 ; and it will be observed that supposing 
this to be the true constitution of this substance, tlie results of 
B will agree with those of C as nearly as 43'46 to 44*04, for 
siibhydrosulphuret of antimony must consist of 52 x 2 + 17 
= 121, and 121 : 104 :: 51*25 : 44*04. 

E. Further to examine tliis view of the subject, I dissolved 
100 grains of sulphuret of antimony and 100 grains of the pre- 
cipitate in question in separate and equal quantities of muriatic 
acid, and decomposed the solutions with similar portions of 
water; the precipitate from the sulphuret weighed 86*7 grains, 
and that from the hydrosulphuret 87 grains ; and as in 1 atom 
of subhydrosulphuret, 17 of sulphuretted hydrogen, and 16 of 
oxygen = 33, would supply the place of 2 atoms of sulphur 
= 32 in 2 atoms of sulphuret of antimony, it is evident that 
eijual weights of these compounds should yield nearly equal 
quantities of jirecipitate by solution in muriatic acid and the 
affusion of water. 

F. The nature of this precipitate was then examined by heat- 
ing 50 grains in a small flask by a spirit-lamp, and 1 found to 
my surprise, that it was readily converted into black sulphuret 
of antimony, losing only 1*2 grain of water. It appears, there- 
ibre, that instead of a subhydrosulphuret as I had suspected, 
tlie precipitate was sulphuret, containing a small quantity of 
hydrosulphuret, but yet sufficient to give so much colour as to 
conceal the nature of the sulphuret. The difficulty of the case 
was increased by the fact already alluded to, viz. that 2 atoms 
of oxygen and 1 atom of sulphuretted hydrogen are so nearly 
equal in weight. 

G. As then 50 of the precipitate contain 48*8 of sulphuret 
of antimony, 51*25 the whole quantity obtained, C must con- 
tain 50*02 = 43*35 of protoxide of antimony, which is the 
quantity contained in 100 grains of crystallized emetic tartar. 

We nave thus obtainea 7'4 as the quantity of water, and 
43*35 as the weight of the protoxide of antimony ; and having 
found, as already mentioned, that crystals of tartarized anti- 
mony are obtain^ even from the last portions of the solution 
in preparing the salt, the remainder of 49*25 will give the 

weight 
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weight of the bitartrate of potash in 100 parts, or it consists of 


Bitartrate of potash (anhydrous) 49*25 

Protoxide of antimony 43*35 

Water 7*40 

100-00 


Calculating its constitution, according to the weight of the 
atoms already mentioned, tartarized antimony will appear to 
be a compound of 

Tn 100 parts. 

I atom of bilartrate of potash 180 49*58 

3 atoms of protoxide of antimony (52 x 3) ... 156 42*97 

3 atoms of water (9 x 3) 27 7*45 

Tob*oo 

POWDER FOR MAKING BEER. 

A German chemist has invented a dry mass or powder for 
making ale, extracted from a vegetable, which is very cheap 
and to be had everywhere, and by whicli can be produced a 
wholesome and agreeable ale or small beer of any degree of 
strength, of the best and purest quality, without adding 
anything but the proper quantity of water, at every season, in 
greater or less proportions, and at a very cheap rate. 

To the Editor of the Philosophical Magazine and JourfiaL 
Dear Sir, 

I beg to acknowledge my obligation to Mr. Stockton, for his 
readiness* in furnishing you with the annual depth of rain at 
New Malton since the year 1816, and by that means correct- 
ing my statement in page 237, in which I had only given the 
mean annual depth for tiie last three years, as he supposes, not 
having had by me your Magazine for a longer period. I am 
glad to find by Mr. Stockton’s complimentary remark, that the 
diminution of the mean depth for a longer series of years does 
not lessen the value of my article. lam, yours, &c. 

Gosport, May 25th. 1825. WiLLIAM BuRNEY. 

LIST OF NEW PATENTS. 

To Augustin Louis Hunout, of Brewer-street, Golden-square, for cer- 
tain improvements, communicated from abroad, in artillery, musketry, and 
other fire-arms.— -Dated 23d April 1825.— 6 months to enrol specification. 

To Thomas Alexander Roberts, of Monford-place, Kenniiigton Green, 
Surry, for a method of preserving potatoes and other vegetables. — 23d 
April.— 6 months. 

To Samuel Ryder, of No. 40, Gower-place, Euston-square, coach-maker, 
for an improvement in carriages by affixing the pole to the carriage by a new 
invented apparatus.— 28th April. — 2 months. 

To Daniel Dunn, of King^s-row, Pentonville, Middlesex, manufacturer 
of essence of coiTee and spices, for his apparatus for separating the infiision 
of tea 6r coffee from its founds or dregs.— 30th April. — 6 months. 


To 
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To William Davis, engineer, of Leeds, and of Gloucestershire, for his 
improvements in machinery for reducing wool into slivers or threads of any 
desired length, unlike worsted, namely, presenting more numerous hair 
points projecting from the surface of the slivers or threads.— 7th May.— 
6 moiitlis. 

To Thomas Hill the younger, of Ashton-undcr-Linc, Lancashire, land- 
surveyor and engineer, for improvements in the construction of railways, 
and tram roads, and in carriages to be used thereon and on other roads. 
— 10th May. — 6 months. 

To Edward Elliss, of Crexton, near Rochester, lime-merchant, for his 
improved brick, or substitute for brick, manufactured from a material hitherto 
unused for or in the making of bricks. — 14th May.— (> months. 

To Samuel Pratt, of New Bond-strect, Middlesex, camp-equipage manu- 
facturer, for a manner of combining wooil and metal, so as to form rails or 
rods adapted to the manufacture of bedsteads, cornices, and other works 
where strength and lightness are desirable, which he denominates Union or 
compound rods. — 14th May.- (> months. 

To John C.C. Haddatz, of Salisbury-square, Fleet-street, in consequence 
of a communication made to him by Ernst Alban, of Rostock, M.D., for 
improvements in steam-eiigiiies. — 14th May. — C months. 

To Jean Francois Gravier, of Cannon-street, London, for a method, com- 
municated from abroad, of regulating the emission or flow of gas from por- 
table reservoirs, and increasing the security of such reservoirs. — 14 th May. 
— 6 months. 

To Thomas Dyke, of Broadway, near Ilminstcr, Somersetshire, dissenting 
minister, for an apparatus to prevent the overturning or falling of carriages 
— 14th May.— 2 months. 

To Alexander Galloway, of West-street, London, engineer, for a machine 
for the forming and moulding of bricks sind other bodies usually made from 
clay, plastic, or any of the usual materials. — 14th May. — 6 months. 

To William Griinble, of Coweross-street, Middlesex, for improvements 
in apparatus for distilling spirituous liquors.— 1 4th May. — 6 months. 

To Edward Garsed, ofLeeds, flax-spinner, for improvements in machinery 
for hacking, combing, or dressing flax, hemp, and other fibrous materials. — 
14th May. — 6 months. 

To Henry Oswald Weatherley, of Queen Ann-street, Mary-le-bone, 
Middlesex, for his apparatus or machinery for splitting, cutting, or cleaving 
of wood, and forming and securing the same in bundles.-r>14tli May. — 
6 months. 

To Goldsworthy Gurney, of Argyle-strcet, Hanover-square, Middlesex, 
surgeon, for his apparatus for propelling carriages on common roads, or on 
railways. — 14th May. — 6 months. 

To John Young, of Wolverhampton, cooper, for his improvements in 
the construction of locks for doors and other purposes. — 14th May. — 
6 months. 

To James Fox, of Plymouth, rectifying distiller, for an improved safe to 
be used in the distillation of ardent spirits. — 14th May.— 2 months. 

To Charles Macintosh, of Crossbasket, in the county of Lanark, esq., for 
a new process for making steel.— 14th May. — 6 months. 

To John Badams, of Ashted, near Birmingham, chemist, for a new me- 
thod of extracting certain metals from their ores and purifying certain 
metals.— 16th May. — 6 months. 

To Isaac Reviere, of 315, Oxford-street, Middlesex, gun-maker, for an 
improved construction, arrangement, and simplification of the machinery 
by which guns, pistols, and other fire-arms are discharged.— 20th May.— 
6 months. 
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I.XIV. On the largest Mass of Meteoric Iron 'which has yet 
been discox^ered hi Europe. By Dr. J. Nceggerath, and 
Dr. G. Bischof, of Bonn.* 


T\R. NCEGGERATH, on his former travels in the Eifel, 
had been informed from various quarters, that in the 
neighbourhood of Bitburg, and close to the mill of Albach, 
there lay a mass of solid and perfectly malleable iron of se- 
veral thousand pounds weight; but that it was not known how 
it came there. In the course of his travels, however, he never 
passed this spot. During the visit of Dr. Chladni at Bonn, 
in the year 1817, this subject was again brought under const* 
deration ; and as it was thought deserving of further inquiry, 
application was made to tne Royal Provincial Counsellor 
M. Simonis, for information respecting it. That gentleman 
returned the following answer, dated from Bitburg, the 19th 
December 1817: 

About ten years ago a miller at Albach, when w^idening a 
road, discovered a square mass of iron weighing 3300 pounds, 
which was afterwards sold to a smelter for 16 crowns and a half. 


Before its removal, an engineer in the French service came from 
Luxenburg to examine it. I accompanied him to the spot, 
and w^c struck off* several pieces with a hammer, w^hich the 
engineer took with him. The iron was by no means brittle, 
but could only be separated from the mass in thin flakes. 
On examining the vicinity, 1 found that the arable fields, 
to the extent of several acres, were covered wdth iron slag, 
which convinced me that in former times a smelting furnace 
must have been w’orked near this spot ; and that the mass of iron 
above mentioned must have liad its origin from that circum- 
stance. As no running water is to be found on the hill, the 
furnace must have been w orked by wind, or by horses, or men.” 

Chladni, in consequence of these notices, was led to class 
this mass among the problematical meteoric irons. ( Vide his 
Treatise on Fire-balls, &c. Vienna, 1819, p. 353.) But as 


* From Sebweigger’s Journal^ N. R. Band xiii, p. 1. 
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M. Simonis’s account did not favour the idea, no further atten- 
tion wasi paid to the subject, until Chladni published the fol- 
lowing remarks in Gilbert’s Annals, 1821, part viii. p. 342. 

liie mass of solid iron discovered near Bitburg (and of 
which I was informed by Professor Noeggerath,) is undoubtedly 
of meteoric origin ; for it appears from the American Minera- 
logical Journal, vol. i. No. 4, p. 219, that Colonel Gibbs (the 
same officer who took some pieces with him,) found them to 
contain nickel. According to his statement the mass was mal- 
leable, and weighed 2500 pounds. It was round, in consequence 
of the peasants having struck pieces off. Some parts were 
semi-hard, others gave fire with steel. The whole mass agreed 
with those found in I^ouisiaiia with regard to compactness 
and colour, its less oxidability than common iron, its propor- 
tion of nickel, its toughness, and its isolated appearance. 

“ The American Journal could not be obtained here for 
further reference.” 

After the appearance of this notice, every exertion was made 
to learn what had been done w'ith the above mass ; and it was 
at length discovered that it had been smelted at a furnace in 
the district of Schbndorf ; and subsecjuently, in 1824, Dr. Nteg- 

S erath, in company with M. Von Westphalen, })rocceded to 
le place where the iron had been found; and received an 
account from the persons residing near the spot, agreeing in 
substance with the above. 

Hiey then visited M. Miiller, the owner of the iron-works 
where the mass had been smelted, and obtained the following 
information. ‘‘About ten years since,” that gentleman stated, “ 1 
heard that a large piece of iron had been found near IJitburg, 
and that the proprietor of the soil was willing to disj)ose of il. 
I therefore sent for samples, which appeared to me to be iron 
in almost a pure state ; and I accordingly bought the whole at 
three francs per cw't. (being 33 or 34 cwt.), and was at a great 
expense to bring it to the forge. It was not of any decided 
form, but quite compact, without any apparent admixture of 
extraneous substances, and seemed as if it had been melted 
together; it was almost malleable, and fi’agments could be 
struck from it but with difficulty. It had the appearance of 
smelted ore, wdiicli on successive casting presents a knotted 
and wavy surface ; in short, it seemed to nave been formed by 
the melted metal being j)oured out. The whole piece was 
smelted with immense labour, for the purpose of forming 
smaller ones; but when the latter were brought under the 
hammer, they flew into small pieces, and could not possibly be 
brought to weld.” It was therefore of no service ; and M. Mul- 
ler, to prevent its substitution for pure metal, ordere<l it to be 

buried 
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buried among the rubbisli. The workmen having pointed out 
the spot, several pieces were dug up, and identified beyond 
the possibility of doubt. These pieces were forwarded by 
Dr. Noeggerath to Bonn, and Dr. Bischof undertook to ana- 
lyse them. Specimens were also sent to the Royal Mining 
Department at Berlin, to M. Karsten, of the same place ; to 
Professor Hausmann, in Gottingen ; to Professor Von Leon- 
hard, at Heidelberg ; to Dr. Cliladni and M. Bergemann, 
in Berlin. Though unable to present an analysis of the ori- 
ginal mass, it will be interesting to the scientific reader to ob- 
tain a correct description and analysis of this substance after 
being smelted as above mentioned. 

The pieces were from six to eighteen inches in diameter, 
with a thickness of from one-third to two inches of the real 
metallic mass. The lower side exhibited evident traces of 
having been cast oji the floor of (he forge, fine sand and frag- 
ments of stone and coals adhering to it : the upper surface in 
most of the pieces was covered with a coat of slag about one 
inch thick. The colour of the fracture is light steel-gray, ap- 
proaching to that of white tin, or similar to the appearance 
which white crude iron frecjuently presents. When polished, 
the colour is nearer that of steel than of iron. The fracture 
has a metallic lustre ; but on account of the peculiar texture 
it is not equal, and in some parts is merely glimmering. The 
fracture is also uneven, of a fine grain, which is looser and 
less compact than in steel. 

In the mass which we are describing there were no veins. 

In regard to the air-bubbles which appear in the mass, some 
difference is observable in the different pieces. Some may be 
called spongy ; and throughout the whole of the metal, larger 
or smaller, irregular, but generally elongated bubbles are dis- 
seminated. 

In other pieces, which are on the whole more compact, 
these bubbles run through the whole mass, almost in the form 
of tubes; but they appear invariably in rectangles on the 
larger sides of the pieces ; so that when they are polished on 
these sides they are covered with roundish pores, which are 
sections of these tubular bubbles. Pieces of both kinds filed 
smooth and polished, and then repeatedly treated with nitric 
acid, showed no traces of latent regularity of texture, or of 
the so-called Widm^nstadt figures, as is observed in all solid 
masses of meteoric iron when they have not been subjected to 
a subsequent change like that under consideration. 

In regard to hardness, this mass was exactly equal to the 
gray granular crude iron produced from the brown iron ore 
which is used in the royal foundry at Sayn, near Neuwied, 
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for musket-barrels ; the one cannot be scratched by the other. 
However, white crude steel-iron from the royal foundry at 
Hamm', near Altenkirchen, was found to scratch the metallic 
meteoric mass. 

This iron is not very tough. Pretty large flakes maybe struck 
into several pieces by a few strokes of a moderately sized 
hammer; yet the mass is in some degree ductile, and may be 
easily filed. At a red and at a white heat it was found to be 
very brittle, as was the case when worked in its original state 
at the foundry of Pluwig. A moderate stroke of the hammer 
on a glowing piece immediately scatters it into innumerable 
sparkling smsill fragments, part of them in the form of dust. 

Tlie specific gravity of a piece of this kind, which was most 
compact and rather sparingly interspersed with the above- 
mentioned tubular bubbles, w'as 6*859 at 61° Fahrenheit. 

The metallic mass is apparently attracted as )^owerfully by 
the magnet as common iron ; but of polarity there were no 
signs whatever. 

On boring the masses a smell of sulphuretted hydrogen was 
perceived ; this was particularly the case when the masses were 
first dug up and their pores filled with moisture. In this lat- 
ter state, even the fresh-fractured surfaces showed a strong 
tendency to oxidation, since in a few hours afterwards they 
were covered with separate spots of a green colour, and at last 
presented one entire coat of rust. 

The slag or scoria is of a grayish-black colour, the fracture 
glistening, of a small and uneven grain, filled more or less with 
roundish bubbles, the largest being three-fourths of an inch in 
length, covered here and there with small line iron-black cry- 
stals with metallic lustre, which are mostly ijidistinct, with 
rounded surfaces, sides and angles ; but triangular faces may 
still frequently be discerned, which in their combination seem 
to point to an ocUihedral form, and on the whole exhibit a 
great similarity to magnetic iron ore. The mass of the slag 
scratches glass, and is attracted by the magnet. 

It would answer no useful purpose to subject the meteoric 
substance to a (]uantitative analysis, since it must have under- 
gone a change in the proportions of its constituent parts in 
the process through which it passed in the foundry ; especially 
as a great quantity of slag was separated from it by that ope- 
ration : but should any fragments of the x>rlginal substance be 
found, (as we have reason to hope,) we might then have it in 
our power to publish an analysis stating the quantity ot its 
component parts. Experiments were therefore instituted to 
discover those substances which have been found in meteoric 
jron. 


I. Analysis 



(^'Meteoric L on ^dchich has yet been discovered in Europe, 405 


I. Analysis of the Iron, 

1. A fragment of the iron, being well cleansed from the 
scoria, was treated with nitro-muriatic aciil. The decomposi- 
tion took ))lace very rapidly ; and in a sliort time the greatest 
part of the iron was dissolved, whilst a delicate gray powder 
was separated from it. 

2. A j>ortioii of the filtered light-brown sohition was satu- 
rated v/ith caustic ammonia, and the fluid filtered ofl’: it had 
then a clear bright-blue colour, without the least shade of 
violet *. 

3. A portion of this blue solution being decomposed by 
muriatic acid, gave a dirty yellow precipitate, with the addition 
of ferro-prussiate of potash, which proves the existence of 
nickel in it. Another portion was saturated with sulphuric 
acid, and a stream of sulphuretted hydrogen gas passed 
through it. After some time a precipitate was formed of a 
brown colour, and of the appearance of dust ; but in such 
small quantities that it could not be taken from the filler ; 
and it was therefore impossible to examine it more closely, or 
to discover what metal it contained. I shall, however, make 
an attempt to procure it in greater quantity. 

4. The greatest part of this blue solution was evaporated 
to dryness. There remained an apple-green salt, which being 
lieated in a platinum crucible until the sal ammoniac w^as vo- 
latilized, left a bright-brown powder, which underwent no 
change per se before the blowpipe. With borax added to a 
considerable quantity of it, it first presented the dark-brown 
bubble, or pearl, described by Berzelius, w hich on cooling 
assumed a reddish colour: but on a continued exposure to 
the flame, although the changes took place which Berzelius 
describes, yet no signs or traces were visible of a colour indi- 
cating cobalt. The absence of the hitter was further evinced 
by moistening paper with a muriatic solution of tliis powder, 
and then warming it. 

5. The gray powder w^hich had not been dissolved by the 
nitro-muriatic acid was washed and dried ; and a part of it 
being heated in a platinum crucible, sulphur was disengaged 
and volatilized. The residuum on cooling was (juite black, 
and dissolved entirely in hot muriatic acid. This solution 
contained nothing but iron; for when decomposed by am- 

* This test, employed by Klaproth, although found by subsequent experi- 
ments to be unsatisfactory for the purpose of separating nickel from iron, 
was nevertheless made use of here ; because it was only intended to pre- 
sent a qualitative anal} sis, or, in other words, to discover the constituent 
parts, without reference to their proportional quantities. 
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monia a colourless fluid remained, which on drying left nothing 
but clear sal ammoniac. The remainder of tlie powder which 
was not. ignited, was dissolved in nitro-muriatic acid with the 
nid of heat, when flakes of sulphur were separated from it. A 
precipitate of graphite could not be discovered , — a proof of the 
absence of carbon. That a portion of the sulphur was oxidized 
by the nitro-muriatic acid, was shown by testing the first solu- 
tion with muriate of barytes. 

6. Although tlie quantitative definition of the proportion of 
sulphur is of no particular consequence, for the reasons above 
specified, yet it appeared of some interest to us not to over- 
look this particular altogether. For this purpose, 100 grains 
of the iron were submitted to the action of boiling nitro-mu- 
riatic acid ; but a perfect solution was not attainable, an earthy 
powder being separated, weighing 1 *S0 grains, anil in which 
were contained 0*47 grains of sulphur. 

It is beyond a doubt that this earthy part proceeded from 
some slag which had not been driven off, but still remained in 
the iron, in the pores before alluded to ; for the former piece, to 
which the acid was gradually added, left no earthy sediment. 
This was, however, of a close texture; whereas the piece on 
which the last experiment was tried was very spongy, and 
plainly showed the scoria, with which many of* the pores were 
filled up. On this account the earthy residuum was not ana- 
lysed. 

From the solution thus obtained the sulphuric acid was 
precipitated by muriate of barytes. The sulphate of barytes, 
washed and dried, weighed 18’60 grains, in which the propor- 
tion of sulphur is 2*57 grains. Add to this the above 0*47 
grains, and the total is 3*04 per cent. 

7. It now remained to ascertain the existence of chrome, 
which John discovered in several meteoric irons For this 
purpose, the above precipitate of oxide of iron obtained by 
ammonia was washed, till no more re-action on muriate of am- 
monia was observable in the water, then mixed in a porcelain 
cup with a sufficient proportion of nitre, and heated till the 
latter was dissolved. The aqueous solution of the mass neu- 
tralized by means of nitric acid had not a yellow colour, 
and no orange-yellow precipitate was occasioned by adding 
proto-nitrate of mercury. Another quantity of the oxide of 
iron, heated in a platinum crucible with carbonate of soda, 
gave as little indication of the presence of chromic acid. This 
mass of meteoric iron, therefore, contains no chrome. As 
the aqueous solution had not a green tinge, but was quite co^ 

* Sec his Chcmischc Schriften^ book vi. [). 292. 
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lourless, tins seemed to indicate that the precipitate of iron 
contained no manganese. The following experiment, how- 
ever, was made, for greater certainty. 

8. A third quantity of the w'cll-washed oxide of iron was 
dissolved in muriatic acid, and after proper neutralization with 
ammonia was precipitated by means of succinate of soda ; but 
the fluid decanted from the precipitate showed no manganese. 
It is to be observed, that a part of the fluid evaporated to 
dryness left an entirely white mass of salt, which was found to 
be common salt with the excess of succinate of soda. In this 
residuum there was no trace of nickel ; which is the more re- 
markable, as several of our most distinguished analysts liave 
found that the oxide of nickel precipitated at the same time 
with oxide of iron by the ammonia, cannot be entirely ex- 
tracted from the jirecipitating iiiediuin, although the latter be 
added in ever siicJi abundance. In conformity to this, we 
might have expected to find oxide of nickel in the oxide of 
iron employed for the above experiment ; but it was not the 
case. 

II. Analysis of the Scoria, 

The scoria, reduced to a fine powder in the steel mortar, was 
dissolved in hot nitro-muriatic acid, leaving an earthy jiowder, 
which it could answer no purpose to examine. This solution 
showed scarcely a trace of nickel; so that during the smelting 
of the iron mass, the iron only, and not tlie nickel, had been 
converted into scoria. A part of the sulphur, however, en- 
tered the scoria; for muriate of barytes produced a precipitate 
in the solution. The oxide of iron precipitated by ammonia, 
being w^ell washed, was examined in the above manner for 
chrome but not a trace of it was to be detected; which shows 
that chrome had not passed over to the scoria during the 
smelting, as might have been expected. 

llie result, therefore, of these experiments is, that the iron 
mass consisted of iron, nickel, and 3*04 per cent of sulphur; 
and that the scoria containeil iron with an almost impercepti- 
ble trace of nickel and sulphur : the earthy parts are to be 
considered as accidental. These lads give rise to the follow'- 
ing remarks : 

1. All the accounts respecting the appearance, former shape, 
and other mineralogical peculiarities of this mass, agree in 
favouring the opinion that it is of meteoric origin. 

C. The proportion of nickel Ibund in it by chemical analysis 
is the more corroborative of this opinion, as nickel is found 
in all meteoric iron, but has not been met with in any earthy 
mineral substances : besides this, the district of Bitburg does 
not afford any minerals which contain nickel, nor has it been 

found 
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(bund in any of the Prussian and Belgic provinces on the left 
bank of the Rhine. 

3. As no sulphur has yet been found in llie solid meteoric 
masses of iron in the analyses hitherto made, the proportion 
of 3*04 per cent in a mass which had been smelted is the 
more striking, as it must be supposed that during the latter 
process some parts were volatilized and others transferred to 
the scoria. We must leave it undecided, whether this pro- 
portion of sulphur was combined equally with the whole mass 
of metal, or appeared only as a constituent part of sulphuret 
of iron, such as is found in meteoric stones, properly so called. 
The latter supposition seems the most probable, and agrees 
with Gibbs’s account of the different degrees of hardness in 
this mass, but not with M. Muller’s assertions with respect 
to its homogeneity. 

It must however be observed, that sufficient attention was 
not paid to individual sprinklings in the mass, which might 
have been found in some parts when detached and not in 
others. The native iron in the form of branches, the spaces 
being filled with olivine, found by Pallas in Siberia, and which 
forms in some degree the transition between real meteoric 
stones and solid native iron, contains in some parts sul- 
phuret of iron. Laugier, on analysing it, found 5*2 per cent 
of sulphur ; and subsequently John has proved by an analysis, 
in conjunction with Laugier, that the malleable part of this 
mass was free from sulphur ; but that the brittle parts, partly 
consisting of olivine, contained sulphur, probably in, the form 
of finely disseminated sulphuret of iron. Now as the appear- 
ance of sulphuret of iron, such as is usual in meteoric stones, 
is proved in that of Pallas, which is the medium between 
them and solid native iron, it need not surprise us if it be 
once found in the latter. 

In this supposition the iron mass in question, containing 
3*04 per cent of sulphur, would have afforded 8*16 per cent 
of magnetic pyrites. 

4. The great brittleness of the smelted mass could only pro- 
ceed from the sulphur ; since all natural as well as artificial 
combinations of iron with nickel present a tough and ductile 
alloy. This also agrees with the remark of Hassenfratz, — that 
iron with copper-nickel is with difficulty smelted, and cannot 
be soldered at all ; it is remarkably brittle at a red heat, and in 
some degree so when cold. 

As copper-nickel contains mostly sulphur, independent of 
arsenic, which does not render the iron brittle, the above is 
easily accounted for. 

5. The absence of carbon in the ma»ss of native iron disco- 

vered 



of Meteoric Iron whic/i has ijet been discovered in Europe, 409 

verecl by Smithson Tennnnt at the Cape of Good Hope, is a 
further proof that the Bitburg mass was not originally pro* 
duced from the furnace; the more so, since it was merely 
smelted, and not actually refined. 

6. In justification of the title of this memoir, we beg leave 
to observe that the solid iron-mass found by Pallas weighed 
1400 pounds; that which fell in 1751., near Hradschina, only 
71 Vienna pounds ; that at Elbogen, in Bohemia, 191 pounds; 
that of 1814, at Lenarto, in Hungary, 194 pounds. 

It is true that the mass which is the subject of the present 
observations, although between 3300 and 3400 pounds, is 
greatly surpassed by those found in various parts of America, 
which are stated at 14,000, 30,000, and 40,000 pounds. 


Gibbs on the Native Meteoric Lon found near Biiburg. Com- 
municated by Dr, Nceggerath. 

It could not but be interesting to me to obtain a particular 
account from Coloiiel Gibbs respecting this substance, as he 
seems to have been tlie only scientific person w ho had seen 
it in its original state. In the foregoing article wc were not 
able to institute a comparison between his account and our 
own ; but since then, I have received, througli the kindness of 
Professor Hausmann of Gtitlingcn, a copy of Col. Gibbses 
description inserted in the American Mincralogical Journal, 
conducted by Archibald Bruce, vol. i. no. 4, p. 218. After 
some remarks on the meteoric iron found in Louisiana, Col. 
Gibbs proceeds thus : 

“ The appearance of this interesting specimen reminded me 
of a mass which I met with in the year 1805, in a niineralo- 
gical excursion through the Ardennes in France. It lay on 
the way to Bitburg, in the department des Eorets^ and w eighed, 
as w'as supposed, 2500 pounds. 

“ The country-people told me that it had formerly stood on 
the top of a neighbouring hill, and had been rolled down to 
where it then was. The difficulty of breaking it for the furnace 
was the means of preserving it, and it is probably there still. 
As I had fortunately taken a specimen, I analysed it, and 
found nickel likewise; which proved it to be native iron. 
The mass had a globular form, the peasants having cut off‘ 
the edges. It was in some places semi-hard ; other parts gave 
sparks with steel : it was perfectly compact, and in other re- 
spects similar to the iron-mass found in Louisiana. — I must 
observe,” continues Col. Gibbs, “ that the mass found in Siberia 
differs' in some particulars from those of Louisiana and Bit- 

Vol. 65. No. 326. June 1825. 3 F burg. 
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burg. The two latter resemble the former in colour, and in 
containing nickel ; they are in like manner tenacious, and found 
in isolatea masses. That of Louisiana contains a trace of car<^ 
bon; and to judge from the hardness of a part of the Bitburg 
mass, it must have contained some carbon also, like those of 
South America, and Magdeburg. Those of Mexico and Peru 
are found in volcanic districts like that of Bitburg, which lies in 
the region of the extinguished volcanoes of the Rhine The 
most striking difference is, that the masses in France (alluding 
to Bitburg, which then belonged to France) and Louisiana ap- 
pear compact, without any thing like a glassy substance or a 
cellular texture ; yet they may have cavities within, like those 
of South America, and are perhaps only compact on the sur- 
face through attrition.” 

On the verj/ small Octahedrons in the Scoria of the Smelted Me-- 
teoric L on of Bithirg. By Dr. J. Nceggeuath. 

Very small octahedral crystals were found in the above 
scoria, and w’ere considered by Professor Bischof and myself 
as magnetic ironstone. Professor Hausmann, however, no- 
ticed uiat these crystals were exactly similar to those which 
he described in his treatise on crystallized iron scoria. ( Vide 
Moll’s Journal of Mining and Smelting, vol. iii. page 39.) 
M. Hausmann allows that he was at first deceived in the 
nature of these crystals. ‘*As magnetic iron constitutes a 
principal part of the scoria, and the crystals of the latter are 
also octahedral,” observes M. Hausmann, ‘‘ I considered them 
as crystallized magnetic iron ore, as they had a black colour, 
and I did not examine them very minutely.” 

The same causes led me into error, especially as the crystals 
in the scoria of the meteoric iron are but small, and scarcely 
to be distinguished but by their prominence ; and on the dark 
ground of the scoria they showed no appearance of being per- 
vious to the light. 

The crystals are really of a vitreous nature, translucent, of 
a dark-green colour, inclining to yellow, of a conchoidal frac- 
ture. They scratch glass, and are not regular, but rectan- 
gular octahedrons. 1 did not make any chemical experiments 
with them, and cannot therefore decide whether they agree 
with those examined by M. Hausmann. I refer to that gen- 
tleman’s treatise ; and only observe that the analysis presented 
oxide of iron, silica, lime, and alumina. 

♦ This is not exactly correct. Volcanic appearances are not found 
within a considerable distance of Bitburg, which lies among secondary rocks. 
New red sandstone, g3^sum and muschelkalk, are the principal strata. 

Laugier’s 
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Laugier’s latest Analyses of Meteorites from Poland, Com^ 
municated by Dr, Nceggerath. 

The preceding account had already been sent to press, when 
I received the last number (6® Ann, 2* Cah.) of Memoires du 
Mmhim d^Histoire Naturelle^ in which Laugier inserts the ana- 
lysis of a meteoric mass of iron similar to that of Pallas. It also 
contained sulphur. Laugier examined two varieties of this me- 
teoric iron found in 1809 at Brahin, in the district of Rziezyca- 
Minsk. He says, that it perfectly resembles that of Siberia, 
being in like manner full ot cavities, which seem to be covered 
with a vitreous greenish-yellow substance, which was easily 
detached, and was considered to be olivine. 

The variety of this iron, which he calls the blueish, was 


found on analysis to contain 

Pure iron 87*35 

Silica 6*30 

Nickel 2*50 

Magnesia 2*10 

Sulphur 1*85 

Chrome 0*50 

lW*60 

The white variety contained 

Pure iron 91*50 

Silica, somewhat tinged by iron 3*00 

Nickel ; 1*50 

Magnesia 2*00 

Sulphur 1*00 


99*00 

Laugier also analysed the following meteoric stones from 
Poland: — 

1. One which fell on the 30th of June 1820 at Lixna, neAr 
Dunabourg. Its outward appearance was like that of most 
aerolites, and it contained, as many of them do, small shining 
globules, which could not be pulverized, and on being sepa- 
rated by a magnetic bar, composed a full fourth of the whole 
mass. 1 00 parts of this aerolite with its shining globules con- 


tained, — Oxide of iron 40*00 

Silica 34*00 

Magnesia 17*00 

Sulphur 6*80 

Alumina 1 *00 

Nickel 1’50 

Chrome 1*00 

Lime 0*50 


Traces of copper and manganese 

101*80 


3 y 2 


2. A 
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2. A stone that tell on the 30th of March 1 8 1 8, at Zaborzyca, 
and which, not containing globules like the foregoing, could 
be easily pulverized. 

Laugicr found in 100 parts. 


Oxide of iron 45*00 

Silica 41*00 

Magnesia 14*90 

Sulphur 4*00 

Lime 2*00 

Nickel 1 *00 

Alumina 0*75 

Chrome 0*75 


Trace of manganese 

"T09*“40 

LXV. On the Discovery of an almost 'perfect Skeleton of the 
Plesiosaurus. By the Bev, W. U. Conyheare, F.B.S- 

T AM highly gratified in being able to lay before the Society 
an account of an almost perfect skeleton of Plesiosaurus 
a new fossil genus, which, from the consideration of several 
fragments found only in a disjointed slate, I felt myself autho- 
rised to propound in the year 1821, and which 1 described in 
the Geological Transactions for that and the I'ollowiiig year. 
It is through the kind liberality of its possessor, the duke of 
Buckingham, that this specimen has been placed for a time at 
the disposal of my friend Professor Buckland, for the j)urpose 
of scientific investigation. 

At the period of my former communications it was natural 
and even just that in the minds of many persons interested in 
such researches, much hesitation should be felt in admitting 
the conclusions of an observer who was avowedly inexperienced 
in comparative anatomy ; and there might have then a})peared 
reasonable ground for the suspicion that, like the painter in 
Horace, I had been led to constitute a fictitious animal from 
the juxtaposition of incongruous members, referable in truth 
to different species. But the magnificent specimen recently 
discovered at Lyme has confirmed the justice of my former 
conclusions in every essential point connected with the organi- 
zation of the skeleton. 

The only material error which I have to correct relates to 
the bones which I supposed to be the radius and ulna : but 

• From the Geological Transactions, New Scries, vol, i. 
f Some philological objections having been made to the composition 
of the word Plesiosaur us, I beg to state ihnt it is formed on the very same 
principle as the words all of approved classiad use. 

with 
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with regard to the other parts of the skeleton, in assigning to 
the same animal tlie heads and vertebrae, which had at that 
time never been found in connexion, and whose actual relation 
was therefore regarded by many as equivocal, in indicating the 
order and place of the several kinds of vertebrae, and in tracing 
the osteology of the humero-sternal parts, iny opinions have 
received full confirmation. In the attempted restoration of the 
paddle also (though professedly given only on conjecture) a 
very considerable approximation to the true structure of the 
part will be found, considering the very imperfect materials 
afforded by the fragments which liad then been obtained. 

But in addition to these particulars, which in all their ma- 
terial features were correctly stated, the specimen now exhi- 
bited presents others of a most novel and interesting charac- 
ter, not to have been anticipated previously to the discovery of 
a skeleton, the whole exterior j)ortion of whose vertebral co- 
lumn was perfect. I particularly allude to the neck, which is 
fully equal in length to the body and tail united; and which 
surpassing in the number of its vertebrae that of the longest- 
necked birds, even the swan, deviates from the laws which 
were heretofore regarded as universal in (|uadrupedal animals, 
and the cetacea, I mention this circumstance thus early, as 
forming the most j^rominent and interesting feature of the re- 
cent discovery, and that which in eficct renders this animal 
one of the most curious and important additions wJiich geology 
has yet made to comparative anatomy. 

I now proceed to the details in the usual order. 

Head , — The present specimen, and another of this part only, 
in possession of MissPhiipot, confirm the restoration attempted 
from the distorted head figured in Plate XIX. of the first 
volume of the second scries of the Geological Transactions ; 
and the latter extends our knowledge by exhibiting distinctly 
the occipital portion. We now' also learn for the first time, 
that the head of this animal was remarkably small, forming 
less than the thirteenth part of the total length of the skeleton ; 
while in the Ichthyosaurus its proportion is one-fourth. This 
proportional smallness of the head, and therefore of the teeth, 
must have rendered it a very unequal combatant against the 
latter animal ; but the structure of its neck may perhaps be 
considered as a compensating provision, supplying it with the 
means of security and of catching its prey. 

Vertebra , — The distinctions between the cervical and cau- 
dal vertebrae have been fully and correctly stated in my 
former communications; but 1 had .not at that time observed 
more than twelve of the cervical, wdiereas the present speci- 
men exhibits about thirty-five, or, including the anterior dor- 
sal, 
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sal, which were placecl before the humerus, and bore only five 
ribs, forty-one*. This great increase of the number of joints 
in the neck is the more remarkable from the rigour with which 
nature appears, in most cases, to have enforced the law of a 
very limited number. In all quadrupedal animals, in all the 
mammalia (excepting only the tridactyle sloths, which have 
nine) the series is exactly seven ; and so strict is the adherence 
to this rule, that even the short and stiff neck of the whale, 
and the long and flexible neck of the cameleopard, are formed 
out of the same elementary number ; the vertebrae in the former 
instance being extremely thin and anchylosed together, and 
in the latter greatly elongated. Reptiles possess only from 
three to eight cervical vertebrae ; birds, approaching in this 
more nearly to the present species, but still falling greatly 
short of it, have from nine to twenty- three f, the number being 
the greatest in the swan. The Ichthyosaurus appears to have 
possessed about eighteen cervical vertebra?. In fishes the ribs 
commence almost immediately behind tlie head. 

The views of Geoffrey de St. Hilaire, — that nature in the or- 
ganization of the animal frame has caused the sternal portion 
to shift its position along the vertebral column, — seem to derive 
an important corroboration from the structure of this animal : 
but it is remarkable, that whereas the sternum holds a mean 
position in quadrupeds, and is thrown forward in fishes and 
backwards in birds, yet its position in this instance assimilates 
the Plesiosawiis less to fishes, though destined to move in the 
same element^:, than to birds, and exhibits at the s^kme time 
a very wide departure from the type of the Saurian tribe. Al- 

* It is difficult to assign the exact demarcation between these subdivi- 
sions of the column ; because the inferior lateral or hatchet-shaped pro- 
cesses of the cervical vertebra (which in this animal greatly resemble those 
of the crocodile) gradually become elongated, and assume almost insensi- 
bly the character of false ribs. 

t The sparrow is said to possess only nine cervical vertebrae (Cuvier’s 
Anatomic CompJ). In aquatic birds the length of the neck, as well as the 
number of the cervical vertebrae, generally exceeds what we observe in the 
land birds, this construction enabling the former to procure sustenance in 
their own peculiar element. 

J The Testudo longico/lis, an inhabitant of fresh-water and a native of 
Australasia (see Shaw’s Zoology, vol. tii. p. 6^), is the most remarkable 
among the tortoises for length of neck ; and the figure of this animal in the 
work referred to will serve to illustrate what in the Plesiosaurtis must have 
been the external appeRrance<of this part when covered with integuments. It 
would be very desirable to ascertain, from an examination of the skeleton, 
whether this species has more than the usual number of cervical vertebree. 
Most of the tortoise tribe have the power of extending their necks consi- 
derably, especially the Testudo ferox (see Shaw. vol. iii. p. 65), whose neck, 
when exserted, is equal in length to the shell. By darting out this it is 
enabled to make even birds its prey. 

though 
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though the number of the cervical vertebrae is thus unexampled, 
yet the length of the neck is nearly rivalled by another of the 
reptile class, namely, the land tortoise. The length is in this 
case concealed by the anterior extension of the shell ; the neck, 
however, notwithstanding its elongalion, has only eight verte- 
brae. The general proportions of the tortoise, its length of 
neck, shortness of tail, and the smallness of its head, are in 
some degree analogous to what we observe in the Plcsiosaujus j 
but the structure of the head and teeth of the latter, and its 
want of shell, entirely negative the idea of its being intimately 
allied to the tortoise, and decidedly connect it with the Saurian 
order. 

It will be necessary to subjoin a few words on the inferior 
hatchet-shaped processes which may be seen depending on 
either side from the lower part of the cervical vertebrae. Most 
animals present traces of these processes ; they are particularly 
prominent in many of the long-necked quadrupeds, and in 
birds project into a long styloid branch ; a rudiment of these 
may be observed in man, but I am not aware that any parti- 
cular name has been assigned to them*. They have been 
sometimes confounded with the transverse processes, to which 
they often form a wing-like appendage. These processes are 
important, as serving to determine the number of the cervical 
vertebrae, and as affording very close analogies between the 
Plesiosaurus and the crocodile ; in both these animals these in- 
ferior hatchet-shaped processes are exactly similar in figure, 
and form separate pieces attached to the body of the vertebrae 
by a double stem. In the figures given of tne cervical verte- 
brae in my former memoir, this stem alone, and the double su- 
ture which receives it, could, from the imperfect state of the 
specimens, be i epresented ; but I then expressed my convic- 
tion that the structure resembled that of the same part in the 
crocodile, and my conjecture is now verified. 

The thirty-five anterior vertebrm of the Plesiosautits exhibit 
these processes distinctly characterized, and are therefore 
beyond all doubt cervical ; in the six following the processes 
become lengthened, and gradually lose their natchet-shaped 
extremity, assuming rather the form of false ribs, and should 
therefore perhaps be classed as anterior dorsal ; but the whole 
forty-one are clearly placed before the pectoral extremities. 
In the crocodile there are seven cervical vertebrae with hatchet- 

* Dr. Macartney, in his Anatomy of Birds, says, ** The transverse pro- 
cesses of the vertebrae of the middle of the neck spread forwards, and send 
down a styloid process of some length.” — “ The anterior styloid processes 
are but little observable in the rapacious and passerine tribes, the parrot, 
&c. ; but they are very marked in the long-necked birds.” 

shaped 
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shaped processes, and three anterior dorsal with false ribs be- 
fore the humero- sternal portion. Since flexibility must evi- 
dently be the end of this great multiplication of the joints, it 
may perhaps excite surprise that the joints, instead of articu- 
lating as in birds by cylindrical surfaces, should have their 
contiguous faces nearly flat, which must have allowed a less 
freedom of motion between each vertebra ; but it may be an- 
swered, that the increased number of the joints compensated 
for the stiflijess of each. 

Dorsal Va^tebree . — I have nothing to add to my former re- 
marks on this part of the column : the greater part of Uiese, 
in the splendid sj^ecimen from Lyme, are removed from their 
place, and are scattered over the mass of shale in which they 
are imbedded. In consequence of this accident, we are ad- 
mitted to a full view of the ribs and sterno-costal arcs and 
pelvis, which remain undisturbed. Fourteen large ribs may 
be counted; and twenty-one dorsal or lumbar vertebrae ap- 
pear dispersed, though their exact original number cannot be 
ascertained. The last of these lies over the pubis, and has, 
close to it, a short false rib. 

Twenty-three caudal vertebrae are remaining ; and as about 
three of the extreme ones appear to be w anting, w e may pro- 
bably assume this part at about twenty-six joints : the whole 
vertebral column then will number about 90 joints ; viz. 35 cer- 
vical, 6 anterior dorsal, 21 dorsal and lumbar, 2 sacral, and 
about 26 caudal. The proportions of the whole of these parts 
will stand nearly thus: taking the head as 1, the neck will be 
as 5, the body as 4, and the tail as 3, the total length being, 
as was before remarked, thirteen times that of the head. 

The chevron bones beneath the tail are finely exhibited; 
but this part, having iJfeen fully described in my former pa- 
pers, suggests no new remarks, excepting that its shortness 
must have prevented its being used, as in fishes, as an instru- 
ment of impulsion in a forw’ard direction, and that it was 
therefore probably employed only as a rudder to steer the 
animal by horizontal flexure, or by a sudden vertical stroke 
to elevate or depress it while swimming through the water. 

The anterior sternal portion is greatly concealed by the 
vertebrae and ribs lying over it ; these might be carefully re- 
moved and replaced, and the structure of this important part 
ascertained. From several imperfect specimens which I have 
examined, it appears to have been complicated in its struc- 
ture, and nearly to have resembled that of the Tupindmbis. 

The posterior part of the sternum consists of a central bony 
arc, crescent-shaped, and swelling in the middle ; to its horns 
are applied two sterno-costal branches, which appear as usual 

to 
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to have been connected with the extremities of the ribs by 
cartilages: the nice adaptation of these parts is beautifully 
displayed in the specimen. 

Tlie pelvis is finely displayed, and resembles the usual type 
of this part in reptiles, of which the turtle perhaps affords tne 
best example for comparison with the fossil : the ilium is re- 
duced to a long and slender bone, which might, if seen de- 
tached, be mistaken for the os pubis ; that of several species of 
turtle is exactly similar. The ischium is like that of most 
reptiles ; and the pubis, as is also common in this class, is so 
greatly dilated as to be liable to be mistaken for the ilium 
if found separately. All these parts are very nearly in situ^ 
and the manner in which they unite to form the acetabular 
socket is easily perceived; the oval formation between the 
ischium and pubis is also quite distinct. 

Humey'o^sternal parts . — In one of the specimens of Saurian 
remains, presented by Colonel Birch to the Museum at Ox- 
ford, the humero-sternal, or rather humero-clavicular^ parts on 
one side of the animal are almost perfect. It is only at the 
extremities of the clavicle and scapula that the bones them- 
selves are preserved ; but the intermediate parts, though re- 
moved, have left an impression of their lower surface. Enough 
remains to enable us with certainty to identify these bones 
with more perfect specimens of the same, which Jiave been 
found in a detached state. It is from these materials that I 
have effected the restoration of the huinero-clavicular parts 
represented in Plate III. fig. 2. 

The humero-clavicular parts consist, as in birds, and as in 
the lizard and some other reptiles, 1st, of coracoid bones se- 
parated from the scapula ; 2d, of a small scapula ; and 3d, of 
clavicles. 

The coracoid bones in the specimen at Oxford are greatly 
elongated, in comparison of those represented in my first me- 
moir, though resembling the latter in every other particular. 
I hesitate to consider this difierence as specific, because the 
shorter coracoids evidently belonged to a much younger in- 
dividual than the longer, as appears from the circumstance of 
these and other bones, which have become anchylosed in the 
latter case, remaining distinct in the former. I ought, how- 
ever, to add, that a third fragment of this part, which certainly 
belonged to a large adult, and exhibits the anterior portion 
of the two coracoids adhering to a scries of anterior dorsal ver- 
tebroe, agrees in form most nearly with the shorter speci- 
men. Ine specimen belonging to the duke of Buckingham 
possessed the long coracoids, traces of them being very evi- 
dent beneath all the anterioi ribs. Should it appear on further 
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inquiry that there were two species, we learn from the speci- 
mens already procured that the specific distinctions were very 
slight, that noticed in the coracoids being in fact the only one 
' that I have been able to detect after a careful collation of the 
most important parts in all the specimens that I have exa- 
mined. 

The scapula has been correctly represented in my first me- 
moir ; but the humerus, which I had there figured from the 
only specimen in which I had seen those two parts together (and 
which, having belonged to the late Mr. Catcott, is preserved 
in the public library at Bristol), in consequence of an accidental 
dislocation is exhibited in an inverted position. The clavi- 
cles consist of two transverse and one central piece. The for- 
mer are the clavicles, strictly speaking ; the latter may, per- 
haps, more projierly be referred to the sternum. The cor- 
responding part or furcular in the Ichthjjo&aurm also consists 
of two transverse and one central piece, as does that of the 
OrnithoryncJniSi when young, as has been noticed by Mr. Clift ; 
but the central piece in these animals forms merely a short 
stem or handle (as it may be called) connected with the trans- 
verse clavicles, whereas in the Plesiosaums it is considerably 
more developed. The general analogies between these parts 
in the reptile tribe, in ttie Ornithotynclms^ and in birds, have 
been ably pointed out by Geoffroy St. Hilaire and Cuvier. 

In the plate containing a restoration of the Plesiosaurus^ 
(PlatellL) I.have added, for the purpose of comparison, a sketch 
of this part in the Ichthyosauinis, That published in the Philo- 
sophical Transactions does not exhibit the tripartite division 
of the furcula, and erroneously makes its branches curve con- 
siderably too much upwards. The present outline is founded 
on three very perfect specimens, which entirely agree with one 
another in the parts here represented, and leave no doubt of 
their actual form. 

Extremities. — The humerus articulates immediately with the 
bones, which in my preceding descriptions I had considered 
as the first row of the carpus; which contains only two in- 
stead of the three pieces placed together in the conjectural re- 
storation. I have again to acknowledge the error into which 
I have been led in the insertion of a supposed radius and nlna 
between these parts; for the two pieces which form the^ first 
row formerly ascribed to the carpus, now appear to be the true 
representatives of the radius and ulna, though greatly differing 
in form ftrom the usual type of those parts. 

The conjectural restoration of the paddles w'ould very nearly 
apply to the posterior paddles as exhibited in this specimen, 
ly aWracting the outer bone from this supposed carpus, and 

removing 
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removing also the exterior and circular bones from the edges 
of the paddle as there drawn. I was led to introduce these 
exterior paddle-bones from the specimen represented, fig. 

PI. XLII. Geological Transactions, vol. v., in which they are 
so placed ; but I have subsequently retracted this view, having 
learnt that when the specimen referred to was found, the bones 
in question were loose, and had been subsequently glued into 
their present situation, in consequence of a conjecture of the 
proprietor. I mention this circumstance lest any real incon<» 
sistency should be supposed to exist between tnat specimen 
and the more perfect and illustrative remains now discovered. 

All the paddles are composed of two rows of nearly circular 
or discoidal bones, representing the carpus and tarsus, and of 
five digitated series, representing the metacarpal or metatar- 
sal and phalangic bones, the distinction between these being 
inappreciable, though we may of course, in conformity to the 
usual nomenclature, term the first phalangic bones metacar- 
pal, &c., if so inclined. The first or anterior digit on each 
paddle has four phalanges ; the last, seven. These are evi- 
dently complete in the specimen. The whole five digits stand 
as follows : 

Anterior paddle. Posterior paddle. 

1st digit, 4 phalanges. 1st digit, 4 phalanges. 

2d 7 -f seems 2d ••• 8, complete. 

complete. 3d ••• 10, 1 uncertain whether 

3d ... 7, incomplete. 4th ... 9, J complete or not 

4th ... 6, incomplete. 5th ... 7, complete. 

5th ... 7, complete. 

This great multiplication of joints in the phalangic series 
strongly distinguishes this animal from all known quadrupeds. 
In the whole class of mammalia (some cetacea only excepted) 
the number of phalanges in the perfect and longest digits is 
restricted to three ; it is the same in most of the reptiles ; but 
some Saurians, c.g. the crocodile, exceed this number by one 
joint: birds also have only five phalanges. 

A majority of the cetacea appear to possess only three pha- 
langes, but in some species the number is increased ; ana the 
Rorqual (a species of Balcena) and the Delphintis Delpkis pre- 
sent as many as seven (see Cuvier's Ossemens Fossiles^ tom. v., 
and Camper's Cetacea^ PI. 44.), the nearest approximation to 
the number in the Plesiosaurus^ though less than the number 
in the posterior paddle of tliat animm by two joints. 

Although all the other analogies of the fossil animal refer it 
to a class widely differing from the cetacea, it is yet interest- 
ing to observe that in these instances, taken from beings of 
distinct general organization, the use for which nature in- 
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tended this part, viz. natation, being the same, a similar modi- 
fication has been superinduced on the usual structure of qua- 
drupedal extremities. 

On the whole, this part in the Plesiosaurus presents a link 
between the usual structure and the still more complicated or- 
ganization of the paddle in the Ichthyosaurus i the phalanges 
are flattened as in the turtle, and other animals destined for 
natation, and were doubtless in like manner covered by a 
common integument, and thus converted into a species of 
fins. 

I shall conclude with some more general remarks. — In its 
motion this animal must have resemmed the turtle more than 
any other ; and the turtle also, as was before remarked, could 
we divest it of its shelly case, would present some slight ap- 
proach in its general proportions to the Plesiosaurus. 

I shall leave to others more conversant than myself with 
the analogies of comparative anatomy, the inferences to which 
those particulars may lead concerning the habits of this sin- 
gular animal. 

That it was aquatic is evident from the form of its paddles ; 
that it was marine is almost equally so, from the remains with 
which it is universally associated ; that it may have occasion- 
ally visited the shore, the resemblance of its extremities to 
those of the turtle may lead us to conjecture ; its motion, how- 
ever, must have been very awkward on land ; its long neck 
must have impeded its progress through the water, presenting 
a striking contrast to the organization which so adniirablv fits 
the Ichthyosaurus to cut through the waves. May it not, there- 
fore, be concluded (since, in addition to these circumstances, 
its respiration must have required frequent access of air), that 
it swam upon or near the surface, arening back its long neck 
like the swan, and occasionally darting it down at the fish 
which happened to float within its reach ? 

It may, perhaps, have lurked in shoal water along the coast, 
concealed among tlie sea-weed, and raising its nostrils to a 
level with the surface from a considerable depth, may have 
found a secure retreat from the assaults of dangerous enemies ; 
while the length and flexibility of its neck may have compen- 
sated for the want of strength in its jaws and its incapacity for 
swift motion through the water, by the suddenness and agility 
of the attack which they enabled it to make on every animal 
fitted for Us prey which came within its extensive sweep. 

The hame I have originally given to this animal, Plesiosatmis 
(approximate to the Saurians), may appear rather vague in this 
stage of our knowledge, and an appellation derived from its 
peculiar length of neck might be preferred ; but for the pre- 
sent 
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sent I shall retain the old ^neric name, adding for specific 
distinction the well-known Homeric epithet Dolichodev'uSi as 
characterizing the most striking peculiarity of its osteology. 
I am the rather induced to follow this course because I think it 
very probable, from specimens which I have examined, that 
species of Plesiosaurus with shorter necks exist in other strata. 
I have already figured a column, belonging to an animal of 
this genus, in which the proportions of the Plesiosaurus Doli^ 
chodeirus are inverted, the vertebrae of the neck being consi« 
derably thinner than those of the body. Professor Buckland 
has since obtained from Market Raisin, large fragments of the 
skeleton of the species to which tliat vertebral column must 
have belonged; its remains are common in the Kimmeridge 
or Oaktree clay. From its enormous size I shall provisionally 
indicate this species as Plesiosaurus giganteus^ and 1 hope here- 
after (in union with my friend) to submit drawings and a de- 
scription of those remains to the Society. 

With reference to the elucidation of all these questions, I 
cannot but congratulate the scientific public that the discovery 
of this animal has been made at the very moment when the 
illustrious Cuvier is engaged in, and on the eve of publishing, 
his researches on the fossil ovipara: from him the subject wfll 
derive all that lucid order which he never has yet failed to 
introduce into the most obscure and intricate departments of 
comparative anatomy. 


LX VI. Menstruum for Biting’-in on Steel Plates. By Mr. 
Edmund Turuell, of Clarendon-^street^ Somerstown*. 

^^HE demand that has taken place for engravings upon de- 
carbonized steel plates, on account of their great dura- 
bility when compared with copper plates, has caused many 
eminent artists to employ their talents upon that peculiar pre- 
paration of metal ; and manv beautiful specimens of line-en- 
graving have been produced, capable of yielding proofs or 
prints to an extent unknown before the invention and applica- 
tion of that peculiar preparation of steel, which was first, I be- 
lieve, made known to the world by Mr. Perkins, who has made 
use of it very extensively in his bank-note manufactory in the 
United States of America, and more recently in London. 

If the execution of a fine engraving upon such prepared or 
decarbonized steel had depended entirely upon the graving 
tool, the principal difficulty that presents itself would be the 

• From the Transactions of the Society of Arts.— The large gold medal 
was presented to Mr. Turrell for this communication. 
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superior hardness of the metal, which of course would oifet 
greater resistance to the action of the graver than copper ; but 
as most Or all the engravings of th^ present time are a mix- 
ture of etching and graving united, it was of course equally 
necessary for artist to be able to etch and biterin upon de- 
carbonized steel, as well as to cut with the graving tool. 

Ill order to form a just idea of the difKculties that occur in 
etching and biting-in upon steel plates, it will be necessary to 
state a few facts relative to etching upon copper. 

The usual method is to cover the copper plate with a coat 
of varnish, commonly called etching ground ; and when the 
lines that are necessary to represent the subject are cut through 
the varnish with a point or needle, a border or rim of soft wax 
is raised round the sides of the plate, and nitrous acid, suffi- 
ciently diluted with water, is poured upon the whole surface, 
and immediately a corrosion of the copper takes place in those 
parts or lines where the varnish has been removed or cut 
through. The action of the acid is at the same time rendered 
obvious to sight by the continual formation and disengagement 
of bubbles of the nitrous gas on all the etched parts, thus in- 
dicating to the artist how the process is going on. 

Various acids have been tried for this purpose, both singly 
and compounded in various proportions; but experience has 
proved that very pure nitrous acid is superior to any com- 
pound that has hitherto been produced, and I believe it is also 
superior to any other acid that can be used singly ; for there 
is one requisite* that is absolutely necessary and indispensable, 
namely, that whatever acid is used, it should not only have a 
powerful affinity for the copper, and by its chemical action 
corrode and deepen the etched lines, but it should also be ca- 
pable of holding the' oxide formed in perfect chemical solu- 
tion, otherwise the lines would soon be choked up by a depo- 
sition of the oxide so formed ; as the deposition increased, the 
oxide would press upon the edges of the etching varnish and 
loosen it, by which means a partial corrosion would take place 
under it, and shallow lines would be the consequence. The 
lines produced under siich circumstances are also generally 
rough and uneven on their edges. The process just described 
is technically called biting-in^ and such a production would be 
called a baci biting. On the contrary, when the oxide of cop- 
per formed during the process is immediately dissolved in the 
fluid that forms it, a fresh surface at the bottom of the line is 
continually offered to the acid to act upon, and then the cor- 
rosion produces the very best effect, that is to say, very deep 
lines, with beautiful clear and even edges. 

When etching upon steel was first introduced, great diffi- 
culty 
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culty was experienced in biting-in the etched plates ; for, what- 
ever acid was used, it invariably happened that the lines when 
corroded were exceedingly shallow and rough upon the edges, 
many times so much so as to cause serious disappointments 
and great loss to those engaged. Such, indeed, was the risk 
of failure, that several artists have refused to execute any 
thing on steel, on account of the diifKculty of biting-in their 
etchings. 

I believe I am correct when I state that Messrs. Perkins and 
Heath paid the late Mr. Lowry fifty, pounds for the secret of 
a menstruum that would effect the biting on steel in a manner 
superior to that which they had previously practised. It is 
but justice to state, that, previous to purchasing the before- 
named secret, their method was stated to all who applied to 
know it, and this consisted in using the worn-out acid that had 
been used for biting-in copper plates, which, therefore, was an 
acidulous nitrate of copper, in the state of solution. But with 
this the results were very unsatisfactory, and almost always 
the lines were so much shallower than those produced on cop- 
per, that the proofs from the plates in that state were very 
gray and spiritless, for want of depth to hold the proper quan- 
tity of ink. 

• No person was more sensible of this defect than the late 
Mr. Charles Warren, and the method of biting-in upon pre- 
pared steel, invented by him, and communicatea to the public 
in the Transactions of the Society of Arts, &c. vol. xli. fully 
evince how warmly he entered into the investigation ; and also, 
when he had attained a better method than was generally 
known, how liberally he presented it to his brother artists. 

Had Mr. Warren stated in his communication that perfec- 
tion was attained by this method, I sliould have conceived it 
an invidious task to dispute that point, by offering to the So- 
ciety’s attention a method of biting-in etchings, executed upon 
steel plates, which 1 feel confident has mai^ advantages over 
any at present generally made known. But I am relieved 
from any such considerations, by the recollection or his ex- 
pressions to the committee, that he not only came forward to 
eontribute what he had invented, but was also very desirous 
to elicit facts and information, by leading others to make ex- 
periments on the subject, as he had done. 1 therefore trust 
that those who respect his memory, and feel grateful for his 
communication, will consider that I am following his example ; 
and although I may not have found out a faultless improve- 
ment, yet that much new light will be cast upon the subject, 
tending to elicit new facts, and thereby bring to speedy itaa- 
' turity 
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turity a process that, in its present infant state, has many great 
and vexatious difficulties attached to it. 

Shortly after Mr. Warren made his invention knoivn to the 
Society, I was requested to^ execute some etchings on steel 
plates; but, previous to assenting, I thought it necessary to 
tiy how far the menstruum of Mr. Warren's invention would 
do for biting-in the even tints produced by machine-ruling, 
that being a kind of work more calculated to show the imper- 
foetion ot bad biting than any other. And more particularly 
so when three lines are used to produce those aerial tints that 
are necessary to form the back-grounds to portraits, and to 
inanv other subjects, which, if produced by tlie graving tool, 
would (upon steel) be enormously expensive. 

Having prepared the menstruum, according to the direc- 
tions given, I certainly felt great difficulty in preventing a pre- 
cipitation of the copper, which, filling the lines, continues 
to accumulate ; and by its pressure, as it increases, removes 
the etching-varnish partially ' from the sides of the lines, and 
thereby causes, in a great degree, the shallowness before com- 
plained of 

I have no doubt, that on very small plates it may be possi- 
ble to sweep the surface of the plate with such rapidity, that 
this evil may in a great degree be prevented ; but upon large 
plates, where they are covered with work, such an operation 
will be attended with great difficulty, and in many instances 
will be nearly impossible. 

In biting-in on copper plates, the breadth of the etched line 
is in a great degree indicated by the size of the bubble of ni- 
trous gas formed on the line; out where the lines are filled 
or covered with the precipitated copper, the difficulty of judg- 
ingof the state of the biting is greatly increased. 

These and other difficulties incited me to give the subject 
every attention in my power. The first indispensable requisite 
(as it appeared to me) was to determine what acid would most 
readily corrode the lines etched upon the steel plate; and, 
after trying a number, nitric acid, reduced to a proper strength 
by dilution, appeared to me the best adapted to this purpose, 
provided some means could be found of preventing it from de- 
positing the oxide of iron after having taken it up. 

Chemists well know that iron exists in two states of oxida- 
tion, the protoxide and peroxide, and that each of these oxides 
will combine with acids forming tw'o genera of ferruginous 
salts, the proto-salts and the per-salts. The proto-salts con- 
tain a larger proportion of oxide than the soluble pcr-salts ; 
and being liable to pass into this latter state by long keeping, 

or 
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or in a short time when exposed to the air, their solutions will 
sooner or later become turbid, and will deposit peroxide of 
iron in a state scarcely at all soluble, except by being digested 
in hot acid, combined with some deoxidating substance. 

For tl)is reason it is that the action of nitric acid diluted with 
water will seldom give satisfactory results when employed for 
biting-in ; for although at first it acts very well, the iron being 
brought merely to the state of protoxide, and dissolving freely 
in the acid, — yet by exposure to the air, during the process of 
biting, it passes to the state of peroxide, a portion of which 
precipitates, and, falling into the lines of the etching, covers 
the surface of the steel at the bottom of these lines, and thereby 
impedes and renders irregular the action of the acid. 

Knowing that calico-printers prefer making their solution 
of oxide of iron in pyroligneous acid, I conceived that, when 
in its pure state, this would be a very proper fluid to dilute the 
nitric acid with ; because it would not only tend to reduce its 
action, but might prevent, or at least impede the precipitation 
of the oxide formed in the operation of biting. Although, 
however, something was gained by this addition, yet it did not 
appear to be so effectual upon repeated trials as to leave me 
completely satisfied It then came into my mind that alcohol, 
and, still more, ether, have a very powerful deoxidating ef- 
fect, as they are able to separate gold, in its pure metallic 
state, from its solution in aqua I'egia. I determined, therefore, 
upon adding to the mixture of pyroligneous and nitric acids a 
portion of alcohol, expecting that the nitrous ether resulting 
from this combination being presented in its nascent state to 
the nitrate of iron formed during the biting, would retain it in 
tlie state of proto-nitrate, and thus prevent any precipitation. 

I am happy to say I was not in the least disappointed ; for 
with a menstruum thus formed or compounded of the three 
ingredients, namely, pyroligneous acid, alcohol, and nitric 
acid, I acquire the following advantages. 

In the first place, it corrodes the steel with great facility, 
producing a beautiful, clear, and deep line ; and upon a va- 
riety of plates the results were very uniform. 

Secondly, it prevents the deposition of peroxide ; as a proof 
of which I have kept some of the menstruum which had been 
employed for biting-in as long as six months, and could not 
discover any precipitation formed. 

As a further proof of its power of holding the oxide formed 
in perfect solution, it will be distinctly seen that as soon as the 
corrosioh takes place upon the steel plate, the whole of the 
lines appear beautifully bright, and continue so until the biting- 
in is completed. 
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The proportions of the acids and the alcohol are as follows : 
Take four parts, ^ measure^ of the strongest pyroligneous acid 
(chemically called acetic acid), and one part of alcohol, or 
highly-rectified spirits of wine ; mix these together, and agitate 
them gently for about half a minute; then add one part of 
pure nitric acid ; and when die whole are thoroughly mixed 
the menstruum is fit to be poured upon the etched steel 
plate. 

When the menstruum is compounded in these proportions, 
very light tints will be sufficiently corroded in about one mi- 
nute, of one minute and a half, and a considerable degree of 
colour will be produced in about a quarter of an hour. But 
the effect may be produced much quicker by the addition of 
more nitric acid, or it may be made to proceed much slower 
by omitting any convenient portion thereof. 

The plate, when the mixture is poured off, should be in- 
stantly washed with a compound made by adding one part of 
alcohol to four parts of water ; and the best material for stop- 
ping out any part that is sufficiently corroded is pure asphal- 
tum dissolved in essential oil of turpentine, which of course 
must be of sufficient consistence to flow freely from a hair 
pencil. It may be necessary to inform those engravers that 
use the common Brunswick-black to stop out the bitings on 
copper plates, that it is a very improper article to use on steel 
plates ; because, as the asphaltum and oil of tiirj^entine, of 
which it is principally composed, do not render it sufficiently 
drying, these ingredients are digested with a small quantity of 
spirit of wine, which has a great tendency to unite with the 
biting menstruum above described, and thereby cause foul 
biting. 

As I attach considerable importance to the purity of the in- 
gredients of which my menstruum is composed, I beg leave to 
impress on my brother artists the necessity of strict attention 
to tliis circumstance : I have myself obtained the ingredients 
in a state entirely to my satisfaction from Mr. Desormeaux, 
16, Charlton-street, Somerstown. 


LXVII. On the Invention^ Progress^ and Advantages of the Art 
of Engraving in Mezzotinto upon Steel. By Mr. Charles 
Turner, Warner^streetj Fitzi'oy^square^ . 


'T^HE discovery of a method of engraving in mezzotinto upon 
steel may be justly regarded as one of the most fortunate 
occurrences in the history of the graphic arts. In the infancy 
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of this invention, as in that of almost every other, difficulties 
repeatedly presented themselves, but these have been success- 
fully overcome ; and the art, an outline of the gradual advance 
of which I am about to subjoin, may at present be considered 
as arrived at a state of full and vigorous maturity. 

In the year 1812, that distinguished ornament and benefac- 
tor of his country, the late Mr. Janies Watt, suggested to me the 
possibility of engraving in mezzotinto upon steel ; but all the 
attempts with which I immediately followed up the communi- 
cation were unsuccessful. The hardness of the steel induced 
me to lay that metal wholly aside; and some experiments 
which I subsequently made upon plates of brass were attended 
with no better results : these latter substances were so unequal 
in their temper, that I found them quite unfit for my purpose. 

It was not, therefore, till the very recent date wdien Mr. Ja- 
cob Perkins (whose indefatigable labours and extraordinary 
inventive powers are so well known and so highly appreciated) 
had produced blocks of steel soft enough to receive the im- 
pressions of our tools, and form a ground upon which we have 
been able to accomplish every thing required, that the art of 
engraving in mezzotinto upon steel can be said to have had its 
commencement. 

In the month of January 1820, Mr. Say made an engraving 
on one of Mr. Perkins’s blocks, and it was decidedly the best 
specimen then produced. In February 1821, I engraved a 
portrait on the first steel plate I ever saw. It had been given 
to me by the late Mr. Lowry, and it turned out so satisfactorily 
as to meet the approbation of Sir Thomas Lawrence. 

On the 30th of May 1822, Mr, Lupton received the gold 
medal from your Society for his admirable performance, — the 
Infant Samuel. From the good fortune which has crowned 
the latter experiments, steel plates have obtained a decided 
preference over those of copper for engraving in mezzotinto ; 
and the beautiful specimens now before the public, from the 
hands of Messrs. Ward, Reynolds, Say, Lupton, and other 
artists, require only to be seen to be admired. 

In engravings in mezzotinto upon steel the tones are far 
better defined than those obtainable upon copper. From the 
superior density of the former metal, the clearness of the lighter 
tints is carried to much greater perfection ; and, from the same 
cause, the darks have also a decided preference, being distin- 
guished by their superior richness. The advantages in these 
respects are so numerous, that all the deficiencies, which were 
formerly irremediable in mezzotinto engraving, are now en- 
tirely ixjastered ; and the numerous difficulties with which the 
artist was abvays contending, completely dissipated : although 
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the process is much longer and more tedious oii steel than on 
copper ; yet, when completed, it is so perfectly satisfactory as 
fully to reward the additional labour. The instruments used 
in engraving in raezzotinto upon steel are precisely the same 
as those employed in engraving upon copper. When a deep 
black is required, twice the number of ways will be found de- 
sirable; from sixty to a hundred' will not be too many. Steel 
plates are now so well prepared, and are become so common, 
that they are easily obtained by all who desire tliem ; the best 
are those manufactured by Mr. Rhodes, and Mr. Hoole, of 
Sheffield, who have paid every attention to rendering them fit 
for the purpose of the artist : they may also be had of Mr. 
Harris, Shoe-lane, London. 

I believe that I shall not be thought to entertain an erroneous 
opinion, when I express my belief that it is solely to the intro- 
duction of engraving upon steel into this country by Mr. Per- 
kins, that we are indebted for the present successful applica- 
tion of the same metal to the art of engraving in mezzotinto. 

In conclusion, it may be serviceable to add a warning and 
receipt, which the novelty of the use of steel in the art of en- 
graving somewhat imperiously requires : — Great care should 
be taken to save the steel from rust, which is done by warm- 
ing the plate, and rubbing sheep’s suet (from the animal) over 
it, and keeping it near a fire, or in a dry room ; without this 
precaution much mischief will arise. 


LXVIII. Observations on the dichotomous Distribution oj Aui- 
mats: together with a Binary Arra?ige?nent of the Natural 
Order Saxifragea\ By A. H. Haworth, Esq. F.L.S. 4'c. 

To the Editor of the 'Philosophical Magazine and Journal. 

Sir, 

CINCE my last communication to you, I have seen for the 
first time (viz. June 3, 1825) a work entitled Zoologie Ana-- 
litique, by A. M. Constant Dumeril, printed at Paris in 1806. 
It was lent to me by my friend Mr. H. Boys, one of the Fellows 
of the Linnaean Society ; and it distributes the genera of ani- 
mals in a method so allied to my own binary one, that it may, 
perhaps, be said by some, that I have borrowed largely from 
it without any acknowledgement. Wherefore it becomes ne- 
cessary that I should assure the readers of your Magazine to 
the contrary ; and that it was in consequence of my explaining 
what I thought the complete novelty of my plan to Mr. Boys, 
that he showed and lent me the ingenious and elaborate work 
of Dumeril, as above stated. But | have not yet seen the bo- 
tanical publications which that author mentions ill his preface, 
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although 1 possesi^ Hooker Midliaylor^ sMuscologiaBritannica^ 
which affords a somewhat similar plan, as appears by their 
preface, though I have not followed it. 

The difference between the method of Dumeril and my 
binary one may be seen by the following remarks. His di- 
visions are not invariably worked out through dichotomies, 
but are sometimes trichotomous, tetrachotomous, or in one or 
more instances forkless. 

His method is essentially desa iptivc through every branch, 
and without names, until you arrive at a genus. Mine is 
d^nitive; and every division, subdivision, &c., is appropriately 
designated by a single word, which is its name. 

His dichotomies bring you down to every individual genus, yet 
the genera are often forced into dislocations, as their irregular 
numerical figures confess ; but which the accompanying page- 
work corrects. My tables, or rather their dichotomies, usumly 
end in two or more genera located naturally^ and which are 
intended to be numbered currently; and the page-work which 
I contemplate, and its head-lines, will have corresponding 
numbers, conducting the reader instantly to characters, de- 
scriptions, and synonyms, of every published genus. 

The essence, however, of both Dumerifs and my own plan 
is, that they equally work, or ought to work, ever dichotomously^ 
and by opposites. In a word, mine at least is intended to be 
polaric; and the very title of the book which I meditate is, 
Organica Corpora^ methodo polari digesta. Wherefore, if we 
can admit that the dichotomies of the tables throw their com- 
ponent subjects as distant as possible in point of affinity from 
each other (being frequently merely analogies), and surely this 
is possible, and will ultimately be practicable, — it clearly fol- 
lows, that every thing which lies, in point of affinity, between 
such groups, must absolutely, through the constantly repetite 
spirit of the arrangement, tall between them; and therefore 
fall naturally, and truly, in the very place where it ought to 
fall. And from this it results, as I have elsewhere obser\"ed, 
that the apparent distribution by Nature of her organized 
forms, is a continuous one that is unravelable in the way of a 
straight line ; but arising dichotomously from one root (which 
I have called matter), and proceeding in a repetitely double, 
and in point of magnitude or quantity, unequal series ; resem- 
bling, as it were, an inverted branching and exuberant tree. 
And I have also elsewhere observed, that every dichotomy ex- 
tending into, and ending in, various genera, may be imagined 
(1^ bending its ends together) as forming a sort of circle of 
affinity, either open at top, or closed by the root which pro- 
duces it. These minor circles, moreover, are but parts of 

other 
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other larger circles, which the mind! s eye may imagine to be 
composed of several, one within another; or, when taking the 
widest possible range, the whole may be conceived to be but 
or reiteratedly compounded circle, vast and grand, enfolding 
orVepresenting in its ample orb the mighty works of God on 
earth. I have the honour to remain, sir, yours, &c. 

Queen’s Elm, Chelsea, June 5, 1825. A. H. Ha WORTH. 

Postscript . — It may be worth adding, that the first time I 
ever observed the prevalence of a dichotomous distribution in 
nature, was in the winter of the year 1813-14*, when engaged 
in arranging and grouping the genera for my Saxifragearum 
Emimet'atio; which, although shown soon after to some friendsj 
was not published until 1821, The distribution of the genera 
there given is virtually and in spirit a dichotomous one 
(though I did not then venture to print it so) ; and this will aji- 
pear by the conciseness and precision of the following table, 
which really alters not either the natural or current location 
of a single genus there published. — Vide Saxijrag. Enum. p. 4*. 
— The genera are in italics below. 


SAXIFRAGEARUM TABULA DICHOTOMA. 


c 




pUNI VALVES. 

pRectocalycatac. 

pAcaulcs. — Megasea, Dermasea, Chondrosca. 

L-Foliosaj.— - Miscopetalum, Lobaria, Tridactj/lites, Saxifraga, 
Muscaria, Leptasen, HirctduSf Ciliaria, Antiphylla. 
LReflexocalycatae. 

pSessilifolise*. - Micranlhes... 
hPetiolatte. 

pDecurrentes, — Aulaxis, S-patnIariu. 

L-Edecurrentcs. 

pSannentosae. — LiguUitna.,. 

^Esarmcn tossc. — liobertsonia , . . 

^Bivalves. 

pDecandrse, — Mitella, Tiarella. 

^8 — 5-andraB. 

i-Uniloculares . — Chrysosplemunh Adoxa, 

1-BiIoculares. — Heuchera... 


LXIX. Description of an improved Cross for Land-Surveyors. 
By Mr. Isaac Newton, 

To the Editor of the Philosophical Magazine and Journal. 

Sir, 

I T being generally allowed and experienced by land-surveyors* 
that nie measuring of diagonals, perpendiculars, &c., by 
means of the chain and the common cross, is attended with a 

♦ Misprinted ** Sessiliflorae” in Saxifrag, Enum. p. 4, &c. but not in p. 

good 
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good deal of labour, I Iiope the following description of an 
improved cross, lately invented by myself as it is calculated 
to abridge in a great measure the labour here complained oft 
will not be found uninteresting to some of the readers of the 
Philosophical Magazine. 

A B D G represents the upright staff, and C the cross fixed 
at the upper end of a slight straight rod of wood F H, and 
resting on an horizontal arm or 
fiat and straight piece of wood 
E B F, having two circulai* holes 
at B and F, large enough through 
which to admit the staff and rod 
at right angles to the arm ; which 
arm is moveable about the staff, 
jind may revolve about it at plea- 
sure. A E D is a small spring or 
bent piece of iron, capping the 
arm at E, where, being riveted, it 
j)resses on the staff at A and D, 
above and below the arm, and 
serves to adjust the arm to any 
height on the staffj and to keep 
the arm in anj^ required horizontal 
direction. 1 he rod F H being 
fixed to the cross at F, and paral- 
lel to the staff, and also free' to 
turn in the hcle at F, answers a 
threefold use ; as it keeps the cross 
on the arm, turns the sights in any Cr 
direction, and points out where, 
on the ground, the chain must fall. In practice I think it will 
be found most convenient to have the radius or part of the arm 
B F about 18 inches long, and the rod F H about 3 feet and 
a half in length. 

In measuring diagonals, &c. by means of the chain and 
common cross, the young practitioner is frequently obliged to 
prick his staff in six or seven different places before he can 
succeed in finding the diagonal, &c. ; but in the above, 

he will seldom find it requisite to ground his staff more than 
once, in order to answer the same purpose. For instance, 
having brought his cross as near to the diagonal, &c. as he can 

S iess, the error, if any there be, may easily be corrected by 
e radius B F, which, as before observed, is made to revolve 
about the staff. I remain, sir, yours, &c. 

Wisbech, June 8, 1825. IsAAC NewTON. 
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P.S. The turner who makes the staff* A B D G may leave 
it capped at top, and make it cylindrical about half its length 
from the top, in order that the arm may not slide down the 
slaff* when it ought to remain fixed. 


LXX. On Mr. J. Herapath’s Demonstration of the Binomial 
Theorem. By Mr. L. T. Ward. 

To the Editor of the Philosophical Magazine and. Journal. 
Sir, 

A T page 323 of the Philosophical Magazine for last month, 
Mr. J. Herapath, in his demonstration of the Binomial 
Theorem for integral exponents, tells us that the product of 

(jr — 1) of the quotients w, &c., is equal to the co- 


efficient of the grth term in the expansion of {x + y^ when y, 
of course, is any whole number greater than 2. This of itself 
amounts to no proof. In order to complete the demonstra- 
tion it must be shown that n x x &c. to (j — 1) fac- 
tors, OUGHT to equal the co-efficient of the yth term in the ex- 


pansion of {x 4- yT^ and this may easily be clone by induction 
from the operations marked B. 

Thus 2 X i 

3 x^ 


3xf; Sxfx^. 
4 X I ; 4 X ^ 






5 X I ; 5 X I 


n X 


&c, 

n-l 

2 


&c. 


»^x^xfx|; 5x|xjxfxy. 
&c. 


^ n — 1 n — 2 

;«X— X — ! nx 


-1 n — 2 n — 3 
r X — X — 
' o 4 



n— 1 
2 


X 


m-2 

3 



It is easy to perceive how these results are obtained ; and 
on comparing them with the co-efficients of the powers marked 
A, it is evident that 2 x J = the co-efficient of the 3d term of 
the 2d power ; that 3 x # and 3 x f x ^ = the co-efficients of 
the 3rd and 4th terms of the 3rd power ; and so on of the rest ; 

and therefore, that n x ; 7i x X ; n x x 

2 23 2 

X &c., which are deducible from the preceding step% 

properly denote the co-efficients of the 3rd, 4th, 5th, &c. terms 


in the expansion of {x + yT> 

I am, sir, yours, &c., L. T. Ward. 
Wisbech, June 6. 1825. LXXI. J 
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LXXI. A Description of a new Species of \^Qo\o\iixyi lately dis-- 
covet ed, in the British Islands : *with Observations on the Anas 
glocitans of Pallas^ and a Desct'iption of the Female of that 
Species. By N. A. Vigors, Esq. A.M.F.L.S.* 

Natural History of these islands has been studied with 
so much science and assiduity, and the investigation at- 
tended with so much success, that any addition to the num- 
ber of our species, more particularly in the higher classes of 
the Vertebrated Animals, must be of rare occurrence, and 
productive of considerable interest. It is therefore with much 
pleasure that I submit to this Society the following description 
of a species of Scolopax, new to the Ornithology of the British 
Islands ; and of a species of the Linnman genus Anas^ which, 
from its having been until recently but once only observed in 
this country, and from tlie specimen which was described not 
being at present in existence, or capable of being referred to, 
lias been for some time considered as possessing but a doubt- 
ful claim to a place in the British Fauna. 

Ordo. Grallatores, 111. 

Fain. ScoLOPACiDyE, mihi. 

Genus. SCOLOPAX, Auct. 

ScoLOPAx Sabin J. 

S. castaneo atroque varia, subtus pallidior, })ilco liume”is j^toro- 
niatibus rernigibusqueatris, rostro pedibiisque fusco-atris. 
Rostmm fusco-alrum, mandilmld superiore ad basin subcasla- 
nea. Gida^ ^ciur^ pvchm\\\G hisco-atne, castaneo-macu- 
lata?. Abdomen lusco-alrum castaneo-lasciatum. Trcfrices 
inferiores, rejnigesque subtus fuscoe. Dorsum scapidares-- 
que intense atrjp castaneo-fasciatm. Rcclrices duodecim, 
ad basin atrae, ad apicem ferrugineae atro-foscialte. 
Longitude cotporis^ rostro incluso, ; rostri 2/jj; alee a 
carpo ad remigem secundam tarsi 1:J. 

In Mus. nos. 

This species is at once distinguished from every other Eu- 
ropean species of Scolopax^ by tlie total absence of white from 
its plumage, or any of those lighter tints of ferryginous-yellowr, 
wdiich extend more or less in stripes along the head and back 
of them all. In this respect it exhibits a strong resemblance 
to the S. saturata of Dr. Horsfield, from which how^ever it suf- 
ficiently differs in its general proportions ; and I find no de- 
scription of any other extra European species of true Scolopax 

* From the Transactions of the Linnacan Society, vol. xiv.— Communi- 
cated by the Zoological Club of the Linnsean Society. 

Vol» 65. No. 326. June 1825. 3 I which 
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which at all approaches it in this character of its plumage. In 
the number ot the tail-feathers again, which amount to twelve, 
it differs from S. major^ which has sixteen, and which 

has fourteen : it agrees however in this point with S. gallinula^ 
which also has but twelve ; but it never can be confounded with 
that bird, from the great disproportion between the essential 
characters of both ; the bill alone of S. Sabini exceeding that of 
the latter species by one-third of its length. In the relative 
length and strength of the tarsi it equally differs from all. 
These members, although stouter than those of S. gallinago^ 
fall short of them by of an inch : they are much weaker, 
on the otlier hand, than those of & major^ although they nearly 
equal them in length. In general appearance it bears a greater 
resemblance to S. rusticola than to the other European Scolo^ 
paces^ but it may immediately be recognised as belonging to 
a different station in the genus ; the two exterior toes being 
united at the base for a short distance, as in the greater num- 
ber of the congeneric species ; while those of S» rusticola are 
divided to the origin. 

The only specimen of this species with which I am ac- 
quainted, the description of which is accompanied by a very 
accurate drawing* by Mr. Curtis, is the bird in my possession. 
It was shot in the Queen’s County, in Ireland, by the Rev. 
Charles Doyne, of Portarlington, in that county, on the 21st 
of August 1822; and was obligingly communicated tome the 
same day. I have named the species in honour of the Chair- 
man of the Zoological Club of the Linnsean Society, whose 
zeal and ability have thrown so much light upon the Ornitho- 
logy of the British Islands f. 

Ordo. Natatores, 111. 

Fam.’ ANATiDiE, Leach, 

Genus. QUERQUEDULA, Briss. 

Querquedula glocitans. 

Q. fusca nigro-undata, capite viridi supra nigro subcristato ; 
macula ante poneque oculos ferruginea, pectore lerriigineo 

* A figure is given in the Linn. Trans. voJ. xiv. Tab. XXl. 

*j* Since the above communication was read to the Society, I have been 
enabled to record a second instance of this bird having been met with in 
the British Islands. On the 26th of October 1824, a female of this species 
was shot on the banks of the Medway, near Rochester, and is preserved in 
the valuable collection of Mr. Dunning of Maidstone. "J'he specimen was 
kindly communicated to me by that gentleman, and was exhibited to the 
Zoological Club on the 23rd of November 1824. It accords in every par- 
ticular with the specimen above described, with the exception of being 
somewhat smaller. This difference of size most probably indicates the dif- 
ference of sex. 

maculis 
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maculis nigris, tectricibiis duabus mediis lateralibiis longi- 
oribus. 

Anas glocitans. Pallas^ Acta Stock. 1779. xl. t. 33.yl 1. 

Gmel. Syst. i. p. 526. 

I,ath. Ind. Orn. ju 862. 

Biniaculated Duck. Pennant^ Brit. ZooL vol. ii. p. 602. ^ 100. 
f. 2. ed. 1 776. 

Mas. plumbeum, dertronigro. niger ferru- 

gineo-varius. Getue collitpxe latera virides. Guttiir vi- 
ridi-nigrum. Pectus abdomenque medium ferruginea, ma- 
culis nigris, superioribus rotuiidis, inferioribus ovalibus. 
Dorsum abdominisqMQ latera fusca lineis nigris gracilibus 
undata. Scapulares nigro-undatae, ad apicem nigrae. 
Ptila^ ideromataqwe superiora fusca, his fascia lata ferru- 
ginea apicali marginatis ; inferiora alba. Remiges fiiscse ; 
speciilo violaceo-viridi, fascia media nigra, apicali alba. 
Uropygiwn^ caiuheqwe tcctrices viridi-nigrae. Recirices 
fusca?, albido-marginatic, duabus mediis nigris, laterales 
longitudinc cxccdentibus. Pedes lutei, membrano in 
medio nigro. 

Longitiido rostro incliiso, 15|; rostri ad iVonlem 

ad rictuin 2-,-^, ; al(C a carpo ad remigein secimdam 8^; 
tarsi 1^. 

FoiM. Rostnim plumbeum dertro fusco. Caput guUurqywt 
albide ferruginea, isto nigro-lineato, hoc parce nigro- 
sparso. Pectus^ dorsum^ uropygium^ abdominisqwe latera 
fusca ferruginco-marginata. Abdomen subtus album. 
Recirices media? fusca*, lateralibiis hand longiores. Alev, 
jJcdcsqwQ ut in mare. 

Longitiido corporis, rostro iucluso, 15^-; rostri ad fronteni 
J ad rictum 2 ; alic a carpo ad remigem secundani 8} ; 
tarsi Ig^. 

In Mus. nost. 

The male of this species was first described by Mr. Pennant 
in his British Zoology, under the name o\' Bi maculated Duck, 
and introduced as an inhabitant of the British Islands in the 
following words: — ‘‘ Taken in a decoy in 1771, and commu- 
nicated to me by Poore, Esq. * The same bird Avas 

afterwards described and figured by Dr. Pallas in the Acta 
Stockholmiensia for 1779 as a native of Siberia, frequenting 
lake Baikal and the river Lena; and was named by him 
Anas glocitans. On the authority of Mr. Pennant f the species 

has 

♦ Linn. Transl vol. ii. p. 603. 

f 1 take Mr. Pennant’s authority (see Arctie Zoology, p. for deter- 
niining that his Bmaculated Duck and the Amx ghviians of Dr. Pallas are 
the same species. From the figure given in the Acta Sfockhotmiensia, I could 

3 I scarcely 
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has subsequently been included among the Birds of Great 
Britain by writers on British Ornithology ; but no further ac- 
count has reached us of the specimen alluded to by that dis- 
^tinguished naturalist, nor has it been ascertained whether it 
was preserved after it was comniunicated'to him. The speci- 
mens of both male and female, from which I have taken the 
above description, were sent up from a decoy near Maldon in 
Essex, to Leadenhall-market, in the winter of 1812-13. Here 
they were observed by a respectable naturalist who imme- 
diately purchased them and set them up. From his collection 
they have subsequently passed into mine. There can be little 
doubt of the tw-o birds being sexes of thti same species. They 
agree in all the essential particulars that serve to identify the 
species of this family ; tlieir bill, legs, and feet exactly accord- 
ing ill structure, and the colouring and markings of the speai- 
him on the wings, a distinguishing character among the Ana-- 
tidcc^ being precisely the same. We have moreover, in favour 
of this conclusion, the negative evidence that the other sex of 
neither of these birds has until now been ascertained ; and we 
have the positive evidence that both these specimens were 
taken in the same decoy and at the same time. 

The Qiierqucdula glocitans^ or Bimacxdatcd ])uch\ is readily 
distinguished from every other species of the family by tlie two 
ferruginous spots on the cheeks, in conjunction with the form 
of its tail, in which the two middle feathers somewhat exceed 
the others in length. Hie other European species of the 
Anatid<e^ whose tails are elongated, are the Axias glacialis^ 
A. bosc/iasy and the A. acuta of Linineusf. From the former 
of these it is at once distinguished by strong generic charac- 
ters ; the A, glacialis from its lobated halliu\ its legs being 
thrown behind the equilibrium of the body, and its conse- 
quently superior habits of swimming and iliving, being placed 
at that extreme end of the family which leads off to the true 
oceanic birds, or typical Nalatores; while the Q, glocitans be- 

scarcely myself draw that conclusion; the round spots on the side of tlie 
head in the former species beini^ superseded ])y long narrow stripes in the 
figure of the latter; while the tail is completely rounded, the two middle 
feathers not being longer than the rest. Mr, Pennant’s ow'n figure of this 
bird is an excellent representation. 1 must hci*c notice what appears to be 
li slight difference between our two birds. In the British Zoology the 
species is described as hiiving twelve tuiUfeathers : in my specimens, both 
of male and female, there are sixteen. 

* Mr. George Weighton, of Fountain Place, City-road. 

These are the Harelda Anns boschasy and Dafila acuta of 

Shaw’s Zoology. 

X The Atlas nigra, Linn, also has the tail somewhat acute ; but, equally 
with A glacia/isy stands at a remote extreme of the family Iroin Q, glocitans. 

longs 
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longs to those groups, which, with a free hallux^ legs placed 
within the equilibrium of the body, and inferior powers of 
swimming and none of diving, affect the neighbourhood of 
fresh waters, feed occasionally on land, and as such form part 
of the aberrant subdivisions of the Natatorial Order. It is 
evidently remote from A. boschas^ of which the middle tail- 
feathers also appear the longest, but which are invariably 
curved upwards. While it may also be perceived to hold a 
different station Irom A. acuta^ which, although closely allied 
to the same group, yet from its long neck and legs is found to 
stand at that remote end of it where it is connected with the 
Ameres^ the next coutenninous division of the family. Its 
nearest affinity among the European species is to the A. cir^ 
cia^ Gmel., and A. crecca^ Linn.* 

The appearance of this species in the British Islands seems 
of rare occurrence ; two instances only of the kind having been 
recorded. These most probably are to be attributed to some 
extraordinary accident or stress of weather. 


LXXII. An experimental Inquiry into the 'Natnrc of the ra- 
diant heating E facts from terrestrial Sources. By Baden 
Powell, M.A. E.B.S.y of Oriel College, Oxfor(L\ 

(1.) nature of the lieating effect emanating from hi- 

**■ minons hot bodies has been distinctly shown to be, 
in many particulars, very different Irom that evolved from 
non-lnminons sources ; but the ideas commonly entertained on 
the subject are far from being precise and distinct. To gain, 
if possible, some ground for establishing more clear views, is 
the object of the following iiHjuiries. 

(2.) Professor Leslie, in his well known and elegant expe- 
riments (Inquiry concerning Heat, &c., chap, iii.) has fully 
established the theory of the effect of screens on radiant heat; 
and these effects give some of the most important criteria for 
examining the nature of radiating agents. 

Those experiments apply only to the lieat evolved from a 
non-lim)iiious source. It tlierefore naturally becomes the sub- 
ject iji question, Whether the interceptive power of glass is not 
limited to a certain temperature, or state, of the radiating 
source : and to this point accordingly the attention of several 
eminent observers has been directed in many well known in- 
vestigations, among which tliose of M. De La Roche are justly 
regarded as the most important and comjdete. In these ex- 

* Qticrqtudula ctrr 'm and Q, crecca of iiiodcrri ornithologists, 
f^rroni the Philoso[)liiciil 'IVaiiMictions for 182o. Part I. 

perinieiits 
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periments it appears, that a greater effect is produced on a 
blackened thermometer when a glass screen is interposed, in 
pi’oportion as the body under trid approaches nearer its point 
of luminosity, or becomes more intensely luminous. (Biot, 
Traite de Phps. tom. iv. p. 638. Ann. of Philos. O.S. vol. ii. 
p. 163.) 

Both M. De La Roche and M. Biot (see Biot, iv. 612) 
seem disposed to view the results obtained by the former, upon 
the supposition of one simple agent, the principle both of light 
and heat. This is at first radiated as heat ; at a certain point 
it begins to assume the fonn of light, when the interceptive 
power of glass decreases in proportion to the increase of lu- 
minosity. 

(3.) As long as the hot body continues below the tempera- 
ture of luminosity, the partial or total interception of the effect 
is precisely the same jdiaenomeiion as that described by Pro- 
fessor Leslie in his experiments on screens, and explicable in 
the same way. (Phil. Trans. 1816, Part I. “ On newProperties 
of Heat,” Prop. 40.) And the apparent transmission of a por- 
tion of the effect must be referred to the same principle, as is 
clearly shown by Dr. Brewster, who has established, ap})arently 
beyond contradiction, the impermeability of glass to simple 
radiant heat upon quite independent principles. 

(4.) Above the temj)erature of luminosity we must have re- 
course to further considerations. The hypothesis of MM. De 
La Roche and Biot appears to be ncany the same as that of 
Professor Leslie. (Inquiry, p. 162.) And it certainly has the 
merit of simplicity and satisfactory explanation of the phe- 
nomena. But it is an opinion which has not received direct 
proof; and it is also obvious that the phLcnomena may be 
explained without it; for we may just as well account ibr the 
facts, by supposing two distinct heating influences, one asso- 
ciated in some very close way with the rays of light, carried 
as it were by them through a glass screen without heating it; 
the other being merely simple ratliant heat, affected by the 
screen exactly as the radiant heat from a non-luminous body. 

(5.) In order to ascertain which of these suppositions is 
true, it will not be sufficient to observe the effects produced 
by the intervention of a screen alone. We must combine this 
method with an examination of the relations of different sorts 
of heat to surfaces. These relations have been shown to dif- 
fer according as the body is luminous, or not : in the one case, 
the direct heat affects bodies in proportion to the darkness of 
their colotir^ without regard to the texture of their surface; in 
the other, the magnitude of the effect depends solely qp the 
absorptive texture, without reference to colour. I use the term 

‘‘ absorptive 



of the radiant heating Effects from terrestrial Sources, 4*39 ‘ 

absorptive texture,” to signify that peculiar state of division 
in the particles of the wcurface, which has been shown by Pro- 
fessor Leslie and others to be most susceptible of the influence 
of simple radiant heat, and always to give a proportionally 
greater radiating power. 

The question then is entirely one of facts, and involves no 
hypothesis as to the nature either of light or of heat. The 
object is simply to ascertain by experiment, whether, of the 
total heating effect radiated from a luminous hot body, the 
portion intercepted by a transparent screen is of the same 
nature as, or different from, the part transmitted in its rela- 
tions to thejsurfaces on which it acts. 

(6.) In conformity with this view of the object proposed, 
the general principle of the following experiments is this : 
taking different luminous hot bodies, to expose to their influ- 
ence two thermometers, presenting one, a smooth black sur- 
face, the other an absorptive white one ; thus obtaining the 
ratio of the total direct effect on the two, we may compare it 
with the ratio similarly observed when a transparent screen is 
interposed. 

(7). This principle of experimenting w»as applied with one 
or two variations ; and though in the abstract sufficiently sim- 
ple, it will in practice require an attention to several consider- 
ations. I shall therefore proceed in the first instance to the 
deUiil of the different particulars ; then give the results of the 
experiments in a tabular form; and lastly, recapitulate the 
conclusions and make a few general remarks. 

I. (8.) In the following set of experiments two common 
thermometers were employed. The diameters of their bulbs 
were, thermometer A, inch. ; B 0’55. A w^as coated with 
a wash of chalk and water, and B with Indian ink. 

In order to compare the effects to be observed with those 
of simple radiant heat, I ascertained the ratio of the effects of 
the latter on the two bulbs thus coated, by a tew preliminary 
trials, and found it to be very nearly one of equality, or per- 
haps, the effect of the white rather greater than that of the 
black. 

The two thermometers were graduated to quarters of centi- 
grade degrees ; and w^ere both fixed on one mounting, with 
their bulbs detached about one inch from its lowest j)art, and at 
the distance of about three quarters of an inch from each other. 

(9.) In tlie 2d set of experiments they were fixed into the 
top of a box, the front of which was open, so that the glass 
screen could be applied to it or not, as required. When the 
screen was not used the box would acquire more heat, and 
radiate it to the bulbs in a small degree; which affecting them 

in 
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ill the inverse ratio of their diameters, would diminisli the 
ratio of their risings. That this diminution was very trifling, 
and not at all sufficient to account for the observed difference 
df ratio will be evident, because the 1st set was made without 
employing the box, the thermometers being suspended at a 
distance from any object which could radiate heat to them ; 
and in this set the difference of ratio is quite as conspicuous. 
This remark applies likewise to the possible communication 
of heat by the air. 

(10.) We must also take into consideration the effect due 
to the glass screen. When we consider the two bulbs as 
heated only by that part of the radiation which is transmitted 
through the screen, the screen may be regarded simply as a 
third body placed near the two bulbs ; and whether it pos« 
sesses a higher or a lower temperature, there will be a ten- 
dency to bring all three to an equality in proportion to the 
difference of temperature, and in the bulbs, dependent on their 
diameters modified by the state of their surfaces. This effect 
arises from simple radiant heat ; whilst that derived from the 
luminous hot body, is evidently following a different law with 
regard to the surfaces. It will easily follow, from what has 
been already shown, that such a secondary heating effect will 
be of a kincl tending to diminish the ratio otherwise obtaining 
between the effects on the two bulbs. If the effect were of a 
cooling nature, the same thing wrould also take place ; for I 
ascertained that the radiating powers of the coatings em- 
ployed, deduced from the observed rates of cooling, w*ere in a 
ratio which happened to be almost exactly the inverse of that 
of the diameters ; but this effect is probably always small ; and 
I have roughly allowed for it, as will be seen immediately; 
taking the temperature of the screen by a small thermometer 
having its bulb in contact with the central part of the surface. 

II. (11.) I now proceed to state the results, which will be 
most conveniently exhibited in a tabular form. 

1st Set. Incandescent iron. Distance 7 inches. 


Glass Screen. 


Experiment. 

Rise of Thennometer 
in 1 min. centigrade. 


A. white 

B. black. 

1 

1-25 

2*5 

2 

1-25 

s- 

Mean 

1-25 

2-75 

Allowing for the 1 
screen as below j 

1- 

2*5 


No 




Experim* 
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No Screen. 



(12.) Argand lamp without its chimney. Distance 3 inches. 
Glass Screen. 


Experiment. 

Rise of Thermometers I 
in 1 min. centigrade. | 


A. white. 

B. black. 

1 

•75 

1'75 

2 

•5 

2-25 

3 

*75 

2*25 

Mean 

•66 

2*08 

Allowing for the ^ 
screen . . . j 

•41 

1-83 


No Screen. 


(13). 2nd Set. Incandescent iron. Distance 6 inches. 
Glass screen 2 inches from bulbs. 



Temperature of Screen 
before Experiment by 
Thermometer in contact. 


Rise of Thermometers 
in 1 min. centigrade. 

A. white. I B. black. 


ect of the Screen alone, heated above 25®. 


•25 *25 

•25 -25 


The fiirmer result dimi- 1 . 

nished for this effect J 
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Incandescent iron. No Screen. 



Temperature of Screen 
before Experiment by 
Thermometer in contact. 

Rise of Thermometers 
in 1 min. centigrade. 

’ ^ 

Temperature 
of Screen after 
Experiment. 

A. white. 

B. black. 

m 


■Quill 

3-5 





4- 





3-5 


k1 



3-75 


WM 



4.* 



Mean 


3*75 



Difference of the ex- 
posed and screened V 
results . . • . J 


2*6 


2*75 


(14.) Flame of an Argand lamp without its chimney. 
Distance 3 inches. 

Glass Screen 1*5 inch from bulbs. 


a 

1 

Temperature of Screen 
before Experiment. 

Rise of Thermometers 
in 1 min. centigrade. 

Temperature 
of Screen 
after Experi- 
ment. 

“23 

u 

A. white. 

B. black. 

1 

2 

3 

4 

5 

17 

1-25 

1*25 

1-75 

1*25 

1- 

2-25 

2-25 

2-25 

2-75 

2-25 


Mean 

1-3 

2*35 


Effect of the Screen alone^ heated above 25**. 

. 1 

•25 

•25 1 


The former result dimi-l 
nished from this effect J 

^ P05 

2-10 



Lamp. No Screen. 
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(15.) In these experiments it will be evident upon inspection 
that the ratio of the effects produced on the white and black 
bulbs is in every instance considerably greater^ when they 
were affected only by that part of the total heating influence 
which is transmitted through a transparent screen, than when 
they were exposed to the whole. This then would indicate, 
that on the removal of the screen some new heating power was 
brought into action, which affected the ratio by the addition 
to each of its terms, of quantities in a ratio expressed by that 
of the difference of the exposed and screened results above 
given. This ratio is evidently one differing a little from equa- 
lity, and agreeing nearly with Uiat of the diameters of the bulbs 
inversely. 

(16.) The experiments now detailed will probably be con- 
sidered sufficient to substantiate the conclusion; but in re- 
searches of this kind, where great numerical precision is unat- 
tainable, it seemed desirable to give the experiments that con- 
firmation which they wanted in point of intrinsic accui’acy, by 
frequent repetition and variation. With this view I made a 
great number of trials with a large differential thermometer: 
the bulbs were about one inch in diameter, and nearly three 
inches apart. The bore of the tube was about -j\jth of an 
inch. Many of the experiments msule with this instrument I 
shall not mention, as, although all agreeing to confirm iiiy 
former conclusions, they were complicated by several unne- 
cessary conditions. 

(17.) In order to obtain results in the most simple manner, 
it was desirable to get rid of any action on one of the bulbs, 
and to expose only the other; the instrument thus acting sim- 
ply as an air-thermometer. The effects on each bulb, one 
being painted with Indian ink, and the other coated with white 
silk pasted on, when exposed, might thus be compared with 
those through a glass screen. I first tried the experiment by 
placing the bulb in the focus of a spherical tin reflector about 
six inches diameter ; by this means the source of heat could 
be placed at a siifficieiit distance to preclude any effect from 
the glass screen. 

(18.) The experiment was again varied by placing a large 
opake screen before the instrument, in which was an aperture 
through which one bulb might be exposed. To this aperture a 
j)iece of glass could be applied. Each bulb was presented both 
with and without the glass. 

(19.) In all Uiese experiments it is evident, that any heating 
effect arising from the screen would tend to diminish the ratio 
of the black and white effects ; and this not being allowed for 
in the^ statement of the result, the diflerence between this ratio 

3 K 2 and 



444 Mr. B. Powell’s experhiental Inquiry into the Nature 

and that of the exposed effects will be in reality greater than 
appears. 

' The results are comprised in the following table : 

(20.) Lamp. Bulb in the focus of a reflector. Coatings, 
white silk ana Indian ink. 


Experi- 

ments. 

Screened. 

Exposed. 

White. 

Black. 

White. 

Black. 

1 

5 

8 

11 

15 

2 

4 

9 

13 

15 

3 

6 

11 

12 

14 

AolSiEmBi 

9-3 

12 

15 ' 


II.) Incandescent iron. 


1 

IHI 

■nn 

HBI 


2 


^on 

WSm 


Mean 

IS 

mBsBM 

mooii 



(22.) Lamp. One bulb covered by an opake screen, the 
other exposed at an aperture. Distance 5 inches. Screen 
1-5 inch from bulb. 


1 1 

4 

6 

8 

mam 


3-5 

6 

0-5 

mm 


4 

6 

8 



3 

6 

8 


1 Mean in 1 min. 3*6 

6 

8-3 


(23.) 

Incandescent iron. 


In 30 sec. 

3 

4 

12 

B 


(24.) It is, perhaps, not worth while to make any formal de- 
ductions from these results as to the ratio subsisting in the dif- 
ferent cases. It will be sufficiently evident upon inspection, 
that, when all due allowances are made, the ratio of the effects 
upon the white and black bulb§ is considerably greater when 
they were affected only by the transmissible part of the heating 
effect, than when they were exposed to the whole. The part, 
then, which is added on the removal of the screen, is of a na« 
ture tending to add to the terms of the former ratio quantities 
in a ratio much nearer equality: quantities in a ratio very 
nearly that which the effects of simple radiant heat would give. 

III. (25.) 
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III. (5?5.) I have above adverted to all the sources of error 
which occur to me as likely to have affected these results ; and 
when these are taken into consideration, as well as the nature 
of the experiments and apparatus, the accordance with the dif- 
ferent results exhibited is perhaps as close as we can expect : 
and it appears that all the different sets of experiments a^ree 
in showing a very considerable difference in the ratio of the 
effects produced on a smooth black and on an absorptive white 
surface, by that part of the radiant effect transmitted through 
glass, and by the total effect. If the total direct effect ivere 
the result of one simple agent, the intervention of the glass 
w^ould, by interceptijig some part of it, produce no other alte- 
ration than a diminution of intensity ; the ratio of the two 
effects would remain unchanged. This distinction appears to 
me of some importance towards clearing our ideas respecting 
the nature of the phaenomena, and thus affording an answer 
to the question originally proposed in reference to some theo- 
retical views, which, though boasting the sanction of high au- 
thority, will be untenable if the valitnty of these results be ad- 
mitted. 

(26.) The general conclusions from all these experiments 
may be thus recapitulated : 

1st. That part of the heating effect of a luminous hot body 
which is capable of being transmitted in the way of direct ra- 
diation through glass, affects bodies in proportion to their 
darkness of colour^ without reference to the texture of their 
surfaces. 

2nd. That which is intercepted produces a greater effect in 
proportion to the absorptive nature if texture of the surface, 
without respect to colour. These two characteristics are those 
which distinguish simple radiant heat at all intensities. 

Thus then, when a body is heated at lower temperatures, it 
gives off only radiant heat stopped entirely by the most trans- 
t)arent glass, and acting more on an absorptive white surface 
than on a smooth black one. 

At higher temperatures the body still continues to give out 
radiant heat, possessing exactly the same characters. But 
at a certain point it begins to give out light : precisely at this 
point it begins also to exercise another heating power distinct 
from the former, — power which is capable of passing di- 
rectly through transparent screens, and wdiich acts more on a 
smooth black surface than on an absorptive white one. 

(27.) This last sort of heat, whatever its nature may be, is 
essentially different from simple radiant heat. It appears to 
agree very closely with what the French philosophers term 
cahrique limineux^ and is, according to Professor Leslie's 
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theory, a conversion of light into heat. These views of the 
subject are certainly gratuitous assumptions. We have no 
right whatever to identify those two agents, or to suppose that, 
because a heating effect very closely accompanies the course of 
the rays of light, the light is therefore converted into heat : but 
the theories above alluded to seem to regard the nxihole heating 
effect of a luminous body as of this latter character. In this 
particular, the present inquiry has led us to an essential dis- 
tinction ; and if the experiments are to be relied upon, this 
peculiar sort of heat constitutes only a part of the total effect. 
These results do not indeed present so simple a theory as that 
alluded to, but they apply very obviously to the explanation 
of many phoenomena recorded by various experimenters. 

(28.) The peculiar heat above spoken ofi and which for the 
sake of distinction and brevity we may call transmissible 
heat,” is similar to that which acts in the solar rays, and which 
there constitutes the total effect. It is this kind of heat which 
has been employed as a principle of photometry, on the as- 
sumption that it is precisely proportional to the intensity of 
light. Within certain limits this may be the case; but there 
are unquestionably circumstances under which the relation is 
very different ; such, for example, as difference of colour in 
the light: and in general it cannot be assumed to hold good 
in lijpit from different sources. To show this, there is a re- 
markable instance in incandescent metal, which produces but 
very faintly illuminating' rays, yet its “transmissible heat” is 
very considerable. I have repeatedly tried the experiment with 
a small “ photometer,” having one bulb painted with Indian ink 
and the other plain : the bulbs being in a vertical line, this in- 
strument, whether employed with or without its case or a glass 
screen, always gave an effect of about 10® in 30" at eight 
inches distance from a ball of iron heated to the brightest point 
in a common fire. 

(29.) In making these last experiments, the effect was al- 
ways greater when the instrument was used without its case or 
a glass screen. This was no doubt in part owing to the 
greater action of the simple heat now admitted to the instru- 
ment on the coated than on the plain bulb ; but it w^as also in 
part occasioned by the circumstance, that the stem going to 
the upper* bulb passes in contact with the lower, ana being a 
solid mass compared with the thin bulb, is slower in acquiring 
heat, and therefore cools it, — ^thus increasing the apparent effect 
on the other. 

(30.) In a variety of other experiments which I have tried, 
using either this “ photometer,” or another having the bulbs 
at equal heights, various apparent anomalies presented them- 
selves ; 
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selves ; all which I found easily explained on the principles here 
established of two radiations, when connected with the various 
other considerations to which it is necessary to refer when 
employing instruments of this description : but I do not con-i 
ceive it necessary to enter into any further details. 


LXXIIL On the Osteology of Reptiles^ and on the Geological 

Position of their Fossil Remains. By M. Le Baron G. Cu^ 

YIEIl*. 

IV/T Y work has necessarily resolved itself into a sort of trea-t 
tise on comparative osteology, since I have been con- 
stantly obliged to bring under consideration, together with 
fossil bones, those of living species ; nor could I have detected 
the differences which exist among them, otherwise than by 
employing figures and detailed descriptions for this purpose : 
but every labour devoted to the ascertainment of the diffe- 
rences in the productions of nature leads to the developement 
of their particular relations ; and, indeed, the reader will have 
had no difficulty in perceiving that, notwitlistanding the so 
greatly varied proportions which belong to diese bones, and 
notwithstanding the exterior forms (often of so extraordinary 
a description) which hence result, there exists nevertherless, 
throughout the mammiferous tribes, a sort of common or uni- 
versal plan, a composition nearly the same, and of a nature 
to enable us always to recognise each bone, by means of its 
use and position, through the whole of the metamorphoses un- 
der which it passes, and in spite of the difficulty presented in 
this recognition by the enlargements or diminutions of size 
which it may have undergone. Thus, in the figures of the 
heads which we have given, may be traced, from Man to the 
Whale, the frontal bones, the parietal bones, the bones of the 
nose, — in a word, the whole of the parts constitutmg of the 
cranium and face, with very few exceptions; such as the 
absence of the lachrymal bones in some species, and per- 
haps the inter-parietal in others. The remaining apparent 
differences in the number of the bones arise in geueriil from 
the greater or less promptitude, or perfection of continuity, 

• From the author’s Rccherches sur les Ossemeiis FossUeSy vol. v. part 2. 
—We hope to present our readers, in continuation of this article (which con- 
twns the preliminary observations on the fossil remains of reptiles,) with a 
series of translations from the same work, respecting the Saurian reptiles, 
illustrated with engravings. M. Cuvier’s Memoirs on the Osteology of 
living aud fossil Elephants, (another interesting branch of his work,) have 
already been given in the Philosophical Magazine, vols. xxvh — kxx. — Edit. 

with 




448 Baron Cuvier on the Osteology of liepiiles^ 

with which they unite, and effect the obliteration of die .su- 
tures which distinguish them. It is thus that the parietal, in 
,the adult, appears sometimes Mmple, sometimes double, and 
even triple or quadruple, when we include the inter- parietals 
which always run into union with it, &c.* But in examining 
the animal at a period nearer its birth, these anomalies are 
found to disappear ; and in the foetus itself, or, in general, up 
to that period in which all the bones are as yet distinct, we 
find a normal number, the same in every species, — with, as I 
have just observed, some very rare exceptions. 

It would be a curious question to ascertain whether this 
analogy is sustained in the other classes of the Vertebrate, and 
whetner the dififcrences which, in this respect, they present, 
depend solely upon the epochs at which their bones unite : — 
whether Reptiles, for instance, which always preserve in their 
cranium many more sutures than the mammiterous tribes, are 
to be considered, in this respect, as Mammalia in a state ana- 
logous to the foetal state;— whether Birds, which in their in- 
fancy have as many sutures as Reptiles, but which, when they 
approach the adult state, have often fewer than the Mammi- 
fera, are, on the contrary, to be considered in this respect as 
Mammalia passing more rapidly from one state to the other, 
and advancing still further with relation to this particular cir- 
cumstance the union and coalition of their bones. 

M. Geoifroy Saint-Hilaire has been among the first who 
have entered upon this beautiful problem ; and upon several 
points he has been most successml. I have also treated of 
it at various opportunities in my lectures ; and I have given on 
those occasions in which the order of my publications have de- 
manded it, some extracts derived from my researches upon 
this interesting subject f : it has, however, become the object 

^ N.B. It is on account of this constancy with which the inter-parictals 
unite at first with the parietals, before the latter join themselves to the oc- 
cipital. that 1 now persist in assigning to them this appellation, which I had 
long since given to them ; and against which it does not appear to me that 
the objections of several anatomists have been of a nature to entitle them 
to prevail. 

j* I do not pretend to contest with any one of the authors who have 
written upon tiiis subject the merit of the observations which they have 
punished : but it is my duty to protest^against the affectation with which some 
nave cited, and still continue to cite,^only my Legons d* Anatomic, published 
in ISOO by M. Dumeril, after my course of lectures in 1798; and to assume 
ihe. air of taking much pains to reform my opinions, aflter having them- 
selves been witnesses to the innumerable preparations which have been made 
by me since that time, and by which more than one of them (be it said with- 
out reproach) have profited in their studies. They well knew that these 
preparations were already a sort of publication on my part; and it would 
perhaps have been just to have cited me from these latter, and not from 
some first, essays, which could only be considered as the ' sketch of a great 
plan. of 
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of the labours and more uniformly prosecuted publications of 
several able anatomists, particularly of MM. Oken, Spix, 
Bojanus, Ulrich, Rosenthal, &c. 

These writers have not only endeavoured to assign to each 
bone in the Oviparous Vertebrata its correspondence with a 
bone or a determinate part of a bone in the mammiferous 
classes ; but, conforming themselves to the ideal metaphysics 
and pantheism called the philosophy of nature, which has for 
some time enjoyed a considerable reputation in Germany, — 
and the language of which, as is usual in that country, the 
positive sciences have found themselves constrained at the mo- 
ment to adopt, — they have endeavoured to discover in the head 
a representation of the whole body, because, in general, the 
principles of this philosophy require that each part, and each 
part of a part, should represent the whole. 

It is thus that M. Oken (in his Programme on the Significa* 
tion of the Ilead^ Jena 1807 ) has quitted hold of the analogy 
which exists in several respects between the species of rings 
which form the bones of the cranium and those of the verte- 
brae, in order to view the cranium itself as a compound of three 
vertebrae * : and carrying his researches through the several 
portions of the head, for the purpose of ascertaining the re- 
presentations offered by them of the several parts of the whole 
body, — he has viewed in the cranium, considered separately, 
the head of the head ; in the nose, the thorax of the head f ; 
in the maxillarics, the superior and inferior extremities, or the 
arms and legs:!:. 

It will be readily comprehended that, with a little imagina- 
tion, there could be no great difficulty in extracting through 
the medium of a principle so elevated, and moreover separated 

from 

• The body of the anterior spheroid represents the body of the first, its 
orbital wings the lateral portions of the ring, and the frontal parts the spi- 
nous apophysis: this is the ocular vertebra:— the second or maxillary ver- 
tebra IS similarly represented by the posterior spheroid, by its temporal 
wings, and by the parietals; and the third, or aurwular vertebra, by the oi 
basilare, the lateral occipital, and superior occipital. 

f The thorax of the head is composed of the vomer, the palate, the 
ethmoid and nasal bones. The cornels of the nose are the lungs ; never- 
theless, the nasal cavity is a sort of prolongation of the cerebral cavity; 
and the nose a hri^ln subject to the vascular system. The sme/t, which is 
exercised through (he medium of the air, is, in the author’s view, a tho- 
racic sense; and this is the reason why no vertebra is appropriated to its 
use, as in the case of the hearings the tastCy and the eight. 

The two halves of the superior maxilla represent the two arms ; the 
os quadratum {oscavre) is the omoplate, the os pterygoides, the clavicle; 
the os jugale, the arip ; the os maxillare, the hand ; the intermaxillary, the 
thumb ; and the tcetl^, the other fingers. The inferior maxilla, which in the 
Ovipara is composed of seven b«nes, will easily furnish similar indications ; 
\^)l. 65. No, sas. June 1825. 3 L but 
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from facts by so great a distance, applications very different 
from the above, and even much varied among themselves. 

' Accordingly we find, since 1811, that M. Meckel (in his 
Materials fir Comparative Anatomy^ voL ii. paper 2, p. 78) 
appropriates the ethmoid for the body of a vertebra, of which 
file frontals would form the annular part; and represents the 
temporals as another vertebra, of which the body would be 
divided into two parts {les rochei's) by the forced introduction 
of the body of a third (the os basilare*). 

The ethmoidal vertebra has been since adopted as a fourth, 
and added, under the name of olfactive vertebra^ to the three 
established by M. Oken, by M. Bojanus in 1818, in the 3d 
number of the Isis^ and, in 1821, in the Parergon of his large 
and beautiful work on the anatomy of the Tortoise. 

M. Spix, in his great work on the composition of the head, 
entitled Cephalogenesis^ and published in 1815, holds to the 
division of the three vertebrae of the cranium, but departs 
widely from the views of M. Oken relative to the bones of the 
face. 

Representing to himself the os hyoides, the scapula, and 
the socket, witn the extremities attached, as three circles of 
pieces of a similar nature, he re-discovers them in the face, 
attached in the same manner to the three vertebne of the cra- 
nium. The bones which compose the nose represent to him 
the hyoidal and laryngial apparatus f, and those of the two 
maxillee the two ordinary extremities, but with a distribution 
of relations quite different from that of M. Oken J:. 

It 

but here the os carre serves as an os illium, as it had before served, in the 
superior maxilla, to represent the omoplatc. In what follow's, the real 
omoplatc is considered as nothing else than the amalganialion of ribs, 
whicli would otherwise have been the appendices of tlie five hi.t cervical 
vertebrae. 

The os styloidcs is the sacrum, and forms with the os hyoides a cavity 
for the reception of the aliments, another being in like manner appropri- 
ated for their expulsion ; and the mouth is to the abdomen wiiat the nose 
is to the thorax. The lips are the instruments of touch proper to the head, 
as the fingers are those of the trunk. 

♦ The zygomatic apophysis of the temporal bone would form the arti- 
cular or oblique apophysis of this third vertebra; the os styloides, its trans- 
verse apophysis or rib; and the os hypides, its sternum. 

f The os planum represents, according to these definitions, the cricoidcs ; 
the cribriform plate, with the crista galli, the ary thenoides ; the superior 
nasal cavities, the trachea; the inferior, the bronchiae; the os unguis 
corresponds to the thyroidcs ; and the caruncula lachrymalis, to the thymus ; 
the bones of the palate, to the body and cornua of the os hyoides. 

J The bones of the nose answer to the sternum ; its cartilages to the 
xyphoides : the omoplate corresponds to what I call the posterior irontal ; 
the clavicle to the os malae. The shelly temporal is analogous to the 
os illium ; the small bones of the ear represent the pubis ; the cradle of tiie 
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It is probable that if other anatomists liave sought for this 
representation of the entire body in the head alone, they may 
have imagined other relations, and it is by no means my inten- 
tion to follow them in this branch of theiv researches. 

The circle in which I confine myself is already vast enough 
to admit of our taking widely diljerent routes, according to 
the point from which we may each set out. This desire of 
finding a representation of the body has constrained some 
authors U) assign to a particular bone, in Reptiles or in Fishes, 
a denomination which they probably would not otherwise have 
thought of; and a predilection for discovering the osseous parts 
and proportions in a uniform number, has been tiie means of 
forcing others into deviations not less strange. When their 
calculations were ibiled in the invcbtigation of those bones in 
which it seemed natural to expect they might be exhibited, 
they found themselves necessitated to have recourse to the 
neighbouring ones; sometimes to admit of singular transfers, 
returns, and conversions, more or less complete, without re- 
gard to the innumerable organs and soft parts which it would 
be necessary to dis))lace and otherwise to dispose of, in order 
to connect a single bone in one situation with another near it ; 
— to insert, for example, a part belonging to the sternum be- 
tween two other parts belonging to the os hyoides, or to effect 
such other transposition as might bear to be explained as a 
simple formation. 

The examples of tliese varieties of ideas, already very nu- 
merous, relative to the Reptiles, of which 1 shall have to speak, 
might have been multiplied almost infinitely, if the limits of 
my work had permitted me to follow these anatomists and 
their sagacious emulators into the class of Fishes, and to 
discuss solely the several opinions which they have proposed 
on the constituent parts of the operciila*, and on the os hy- 
oides. 

tympanum is the ischium; the condyloidal apophysis, the os femoris; the 
coronoidcs, the tibia; &c, The teeth, according to M. Spix, are nothing 
else but nails, — an analogy more reasonable than that invoked by M.Oken : 
the alveoli are what represent the phalanges, &c. &c. 

** In 1800, M. Autenrieth (in the Z>ootom\cal of \\ ledeman, vol. u 

paper 2, p, 47 et seq.) considered the operculum as resulting from the divi- 
sion of the thyroid cartilage. . 

In 1807, M. Geoffroy (in the 10th volume of the Ann. du supposed 
that the opercula were the parietals detached from the cranium. 

In 1817, M. de Blainville (jff«//cfw P/i*/«w.) endeavoured to establish that 
the pre-operculum is the os jugale, and that the three other portions repre- 
sent those which arc general^' found in the inferior ma.\illa of bnrds and 
reptiles, over and above what are found in that of fishes. W. Geoflroy op- 
posed to this, in 1818 (in his PhUosophie Anatomiqueftha jaw of a lepisosteus, 
wliich^had been preserved by me, and which is quite as complicated as that 
of aiw reptile, although the lepisosteus is furnished with opercula as com- 
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©Ides'*^, I have at least endeavoured, in tlie prosecution of my 
labours, to avoid that description of error which is so often 
engendered by a preconceived theoretical opinion. I pretend 
not to discover a constant and unvarying number of component 
parts, nor the representations of parts remote from the head : 
I do not even pretend that the bones of the head must always 
be absolutely the same in each genus ; — ^but I strive to ascertain 
the point to which their correspondence reaches, and the 
limits by which it is bounded. For this purpose 1 commence 
with the individual animal of the oviparous class, which (at 
least as regards the head) presents the most sensible relations 
to the mammifera, or to some individuals of that class : — this 
is the Crocodile. I describe what bones it possesses which 
are analogous to ours : and to establish the conclusion, I con- 
sult not only their position, but also the muscles which are at- 
tached to the part, and the nerves which pass through it, &c. 
I freely state what are the bones which cannot be brought 
within the precinct of the analogj* ; and I do the same thing 
with respect to the other genera : — I indicate where a bone, a 
foramen, a surface, a suture, seems to depart from the rela- 

pletc as those of any other fish. Nevertheless, in this same year (1818) 
M. Bojanus presents the same idea in the 3d number of the his, without 
having been acquainted with the memoir of M. de Blninville; and M. Oken 
bestows upon it his uncjiialified assent, as a thing, he observes, as certain as 
it is new'. 

In 18lt5, M. Spix had conceived the idea of determining the analogies 
of these parts of the opercula to the small bones of the ear; but in )81(J 
he was acutely criticized upon this subject by M. Ulrich, wlio regarded 
them as the representativt?s of the oinoplate. This, however, did not pre- 
vent Mr. GeofFroy in 1818, in hhrhilosojjhicAnatomiquc^^Yom arriving, on 
his part, at an opinion pretty closely allied to that of M. Spix, although he 
was unacquainted with this author’s work. These two authors do not id- 
ways arrange these bones in the same manner : the malleus for instance, ac- 
cording to M. Spix, is the pre-operculum ; — according to M. Geoffroy it is 
the inter-operculum, &c. Lastly, M. Weber in 1820, in his dissertation l)e 
Aure Hominis et Animalium, has advanced another opinion quite new ; 
which is, that the small bones which in certain fishes are attached between 
the cranium and air-bladder, are rigorously allied, by their functions, as well 
as being sometimes found similar in form, to the small bones of the ear in 
quadrupeds; an opinion which, sustained by new evidences in the Isis of 
1821, is completely adopted l3y M. Bojanus in his Pareraon. 

* M. Autenricth in 1800, in the same memoir in which he considers the 
opercula as a division of the larynx, considers the branchial rays as carti- 
lages of the ribs, and the osseous branches which carry them he considers 
as formed by the os hyoides and some parts of the sternum. M. Geoffroy, 
on his part,fn 1807* and without any knowledge of the labours of M. Auten- 
rieth, conceives ideas possessing a verjj close resemblance to the above, 
which he has develcmed more in detail in his P/nhsophie Anntomique^ and 
which constitute the foundation, and afford the starting-point, of his theory 
of the branchial apparatus. 
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tioii in question ; and I mark where it appears to present anew 
the same relation. Having no occasion to display things 
other than they arc, I employ neither those vague propositions 
nor those figurative expressions by which 1 might deceive 
myself, as has happened to so many other individuals of the 
strictest integrity of mind : and if, by these means, I arrive not 
at such brilliant results, I flatter myself that I tread a more so- 
lid path. 

With respect to the head, it is, as I have above observed, 
upon tlie Crocodile that I have found it necessary to insist the 
most ; for, the bones of this animal once named, we find it 
easy to name those of the Toi toises, the Lizards, and the greater 
part of the Serpents : but a new and more difficult study be- 
comes necessary in considering the Batracian tribes. 

The bones of the shoulder and the sternum must be stu- 
died, especially in the Lizards, in which they present the great- 
est degree of complication. 

In regard to the os hyoidcs, it is among the Batracians that 
it possesses the most importance ; since it there furnishes us 
with the means of forming clear ideas upon that of Fishes; on 
which subject numerous and very diversified systems have been 
conceived. 

Upon this ))oiut, I trust that the facts adduced in this part 
of my work, and esj^ecially the successive simplification and 
ultimate disappearance of the auricular apparatus, as w^ell as 
the gradual development of the hyoidal apparatus, in the Ba- 
tracians, notwithstanding the presence of a larynx and a ster- 
num, will lead us back to the former views, — those which I 
have conslaiitly announced, — that the bones of the ear do not 
rc-apj)car in osseous Fishes in the form of opercula ; that the 
branchial apparatus, in order to present the complication 
which characterizes it, has no need of completion by means of 
intercalary sternal, laryngial, or costal pieces ; and, finally, 
that the opercular apparatus is one which is in itself special, 
and proper to the species in which it is discovered. 

I will here add but one word on the other parts of the body ; 
wdiich is, that the particular sections which constitute each, 
part, so far from being multiplied like those of the head, have 
not, in the infant state, those productions at their extremities 
which we call epiphyses. 

In the Crocodiles and Tortoises, the extremities of the bones 
and their principal eminences are overlaid or surrounded 
with cartilages, which harden and ossify with age; but in which 
there is not formed, as in the Mammifera, an osseous kernel, 
separated for a time from the bone itself, ot from the diaphy- 
sis, by a suture ; a circumstance the more remarkable, from 
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the Lizards, especially the Monitors, having well-marked 
epiphyses appended to their long bones. 

It is in each genus, after having thus studied and brought 
as far as practicable under general rules the osteology of 
living reptiles, that I pass to the examination of the fossil bones 
most analogous ; and in this part of my labour I am equally 
led into considerations of a much more extended nature than 
had been suffffestcd by investmatin^ the osseous structures of 
the Mammilera. 

The Mammalia, as they are the last, so they are the most 
perfect products of creative power. 

The existence of Reptiles commenced much earlier : the 
vestiges of these latter are imbedded in formations of a more 
ancient date, ^and the naturalist is obliged to follow their re- 
mains through strata of greater depth. 

It has been seen, in my preceding volumes, that beyond 
comparison the greatest number of viviparous quadrupeds have 
left vestiges of their bones in the last alluvial beds or in ca- 
verns, or lastly in breaks or openings of rocks, that the sea, 
which has flowed over them, has scarcely had time sufficient 
allowed it to deposit the traces of its influx ; or at least, that 
it has not covered them anew with any solid and regular 
beds. Some local formations only, and which appear to be 
of a more ancient date, include principally unknown genera, 
and are in some places overlaid by marine strata. But in 
our calcaire grossie?^ our calcaire d cerithe^^ we hitherto dis- 
cover no other Mammifera than those of the :3ea, — Phocae, 
Lamantines, and Cetacea. One sole exception, probably the 
result of mistake, invades this rule : these are the plastic clay 
beds, the lignites which they contain, and some other lignites 
contemporary with these, in which bones, incontestably those of 
Mammalia, are observed; in which I have indeed found my 
Antracotheriums, and some PaJmotheriums, accompanied, as 
in our gypsums, with the Trionyx and Crocodile; in which I 
have recently recognised the bones and teeth of the Mastodon, 
and the jaw of the Beaver*. These beds, these lignites would 
be, it is urged, uniformly inferior to our calcaire gl ossier ; but 
this inferiority, were it as well ascertained as it appears doubt- 
ful, and were it true that lignites and their containing strata 
of two distinct epochs have not been confounded together, we 


* I owe ^ the communication of the fragments of the Mastodon to the 
count Vitalien Borromeo» of Milan, and that of the jaw of the Beaver to my 
scientific friend M. Brongniart. All these remains are derived from the lig- 
nites of Horgen. It is Professor Meissner, of Bern, who appears to have 
been the first to discover in them the existence of fossil bones. 

should 
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should still be obliged to maintain that strata (whicli it is on 
all hands agreed are incumbent upon chalk) are most ancient 
where they present the remains of Mammifera, — ^that the chalk 
is hitherto found to contain absolutely none, — and that in the 
older strata these remains still Jess exist ; while, nevertheless, 
chalk and also the greatest part of those older strata, even to 
the great coal formation, abound, in certain localities, with 
Tortoises, Lizards, and Crocodiles, species which are, on the 
contrary, exceedingly rave in the superficial beds. 

We ascend then, to another age of the world, — to that age 
in which the earth was as yet traversed only by the cold- 
blooded reptiles, — in which the sea abounded in ammonites, 
belemnites, terebratula?, and encrinites, — and in whicli all 
these genera (at this day subjects of prodigious rarity) formed 
the mass of its jiopulation. 

This is that age which geologists have named the epoch of 
the secondary strata. It would perhaps be appropriate to the 
nature of our work, here to enter upon an enumeration of these 
strata, and a description of their nature and superposition, 
similar to that wliich we have already given of the tertiary strata 
in our second volume, with relation to the bones in our plaster 
quarries at Paris : but this task has been so fully accomplished, 
(and by geologists better located than we are for effecting it,) 
that we cannot do better than to refer our readers to the excel- 
lent works which have recently appeared upon this subject. It 
is not, in fact, in the canton which we inhabit, but on the other 
side of the vast circiunieroncc of chalk which surrounds us, 
that the secondary strata })rescnt themselves in sufficient re- 
lief to be comrnodiously studied : it is between the chalk and 
the primitive strata tliat they ascend into day; and Germany 
on the one side, and England on the other, are the two thea- 
tres in which it has been possible to verily their succession, and 
to form a history of them in some degree complete. 

Werner commenced by this study the great reform which 
he has introduced in geology; and the more extended re- 
searches of his pupils, and principally of MM, de Bucli and 
de Humboldt, have brought this w^ork to the greatest state of 
perfection. The results have been faithfully presented, in 
our language, in the work of M. Bonnard, entitled Aperfu 
Giognokique des Torains ; and M. dc Humboldt has recently 
presented them anew, with still further details, and an ex- 
tended series of observations, as remarkable for their excel- 
lence as for their novelty, in his Essai Gcognostique sur le Gise- 
ment des Roches. A series of analogous observations has been 
followed up with great perseverance in England by the mem- 
bers of the Geological Society of London; and the disposition of 
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these formations, such as it exists in that country, was pre- 
sented, in 1816, in the tables of Mr. Buckland, and in 1822 
,in the excellent work of Messrs. Conybeare and Phillips, en- 
titled Outlines of the Geology of England and Wales. 

It therefore only remains to establish upon a more certain 
basis the concordance and harmony of the different systems 
of formations observed by one and by the other ; and it is to 
this point that the united efforts of observers constantly tend, 
and to which they will ere long conduct us. 

In the mean time I may refer, during the sequel of the pre- 
sent researches, to the two principal w'orks above cited, — that 
of M. de Humboldt, and that of Messrs. Conybeare and Phil- 
lips; and it is to these I shall direct the attention of my read- 
ers for the proofs of the respective positions of the fossils of 
which I am about to treat. 

As in my history of the bones of the Mammifera, so in the 
present, the order which I shall observe will be neither en- 
tirely geological nor entirely zoological. 

I commence with the Crocodiles, because it is their osteology 
which serves as the point of departure, and because their 
bones are found in the greatest number of formations, and are 
recognized therein with the greatest degree of facility. 

The Tortoises next follow, whose size has caused them to 
be noticed in numerous localities, and who, by the osteology; 
of their head, as well as by many details of organizatioii, ap- 
proximate at least equally with the Crocodiles to the class of 
Mammifera. 

The Lizards will be included in the third chapter; and will 
offer to u's extraordinary conformations, w^orthy of our utmost 
attention. 

It will be in my power to give but little space to the bones 
of Setpents and those of Bii'ds^ which are but rarely^ met with 
among fossils ; but I shall treat in detail the Bafraciafis, not 
merely on account of the remarkable species of this family 
which has long been taken for a fossil human skeleton, but also 
because it is in their anatomy that the greatest number of 
errors have been committed, and the greatest number of sup- 
positions and systems void of foundation entertained. Never- 
theless, this anatomy is among the most important, since it is 
what conducts us to the explication of that of Fishes. 

It is after havii^ thus studied the osteology of the still ex- 
isting families of Reptiles that I pass to the examination of a 
lost family-— one more extrtordinary perhws than any of the 
whole of those alluded to in mv work ;—-ot those Ichthyosauri 
recently discovered in England, and in which are united cha- 
racters so singularly combined, that from the aspect of some 
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of their parts we are tempted to confound them with the Ce-. 
tacea or the Fishes ; and it is only by a knowledge extended, 
into the entire of their skeleton that we are enamed to con-* 
vince ourselves of the necessity of classing them with the' 
other reptiles. 

It is with those I shall terminate the eighth and concluding 
part of my book, reserving for consideration in a futijre work, 
should my health and occupation permit, the subject of the 
fossil bones of Fishes, 


LX XIV. Notices respcctmg New Books. 

Recenflj/ published. 

^T^HE Third Part of the Philosophical Transactions for 
^ 1824 has just ap)3eared ; vilh Part I. for the present 
year. The foiuier contains, 

Observations of tlie apparent distancer and positions of 380 
double and triple stars,! ade in the years 1821, 1822, and 1823, 
and compared with those of other astronomers ; together with 
an account of su ch. nge is appea: to .ive taken place in 
them since their first discovery. Al i a description of a five- 
feet equatorial instrument eiiiplo 3 ^ed n the observations. By 
John Frederick William Herschel, Esq. F.R.S., and James 
South, Esq. F.R.S. This paper occupies above 400 pages. 

Part I. for 1825 contains the following papers : 

On the effects of temperature on the intensity of magnetic 
forces; and on the diurnal variation of the terrestrial magnetic 
intensity. By Samuel Hunter Christie, Esq. M.A. of Trinity 
College, Cambridge, Fellow^ of the Cambridge Philosophical 
Society ; of the Royal Military Academy. Communicated by 
the President.— The Croonian Lecture . On the existence of 
nerves in the placenta. Jjy Sir E . orard I L me, Bart. V. P. R. S. 
— Observations on the changes the ovimi of the frog under- 
goes during the formation of the tadpole. By Sir Everard 
Home, Bart. V.P.R.S.— A gen^ ral method of calculating the 
angles made by any planes of uy'^tais, and the laws accord- 
ing to which they are formed, by the Rev. W. Whewell, 
F.ll.S. Fellow of Trinity College, Cambridge. — Explanation 
of an optical deception in the appearance of the spokes of a 
wliecl seen through vertical apertures. By P. M. Roget, 
M.D. F.R.S. — On a new photometer, with its application to 
determine the relative intensities of artificial Ijght, &c.^ By Wm. 
Ritchie, A.M. Rector of the Academy at Tain. Communi- 
cated by the President.— The description of a floating collU 
mator. By Captain Henry Kater, F.R.S. — Notice on the 
Iguanodon, a newly discovered fossil reptile, from the sand- 

Vol. 65. No. 326. June 1825. 3 M stone 
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stone of Tilgate Forest, in Sussex. By Gideon Mantell, 
F.L.S- M.G.S. &c. — An experimental inquiry into the nature 
,of the radiant heating effects from terrestrial sources. By 
Baden Powell, M.A. F.R.S. of Oriel College, Oxford. 

No. I. of Annulosa Javanica; or, An Attempt to illustrate 
the. Natural Affinities and Analogies of the Insects collected in 
Java by Thomas Horsfield, MjD. F.L. & G.S., and depo- 
sited by him in the Museum of the Honourable East India 
Company. By W. S. MacLeay, Esq. M.A. F.L.S. &c. &c. 

This work, which is intended to contain systematic descrip- 
tions of all the Insects collected by Dr. Horsfield in Java, is 
to be published in numbers. The species are to be arranged, 
as nearly as possible, according to their natural affinities ; and 
in order to make this, the important part of the science, more 
clear, the descriptions are to be interspersed with such leading 
observations on the economy and anatomical structure of the 
families, as may render the work interesting to naturalists in 
general, as well as to the entomologist. 

The second number is now in progress for publication, and 
will contain the whole of the Coleoptera having luliform larvae. 

The Insects described are arranged in the Museum of the 
Honourable East India Company, where it is stated tliey may 
be inspected under the regulations established at their library. 

We shall have to recur to this valuable and interesting work 
in a future number, as it contains much that is of great im- 
portance to those who take an interest in general views of 
Natural Arrangement. 

Part I. of Dr. Alex. Jamieson’s New Practical Dictionary 
of Mechanical Science, embellished with many hundred en- 
gravings on copper and wood. 

Preparing Jbr Publication. 

Mr. G. Poulett Scrope has in the press A Treatise on Vol- 
canoes, and on their Connexion with the History of the Globe : 
in one octavo volume, to be illustrated by plates and numerous 
engravings on wood. 


LXXV. Proceedings of Learned Societies. 


ROYAL SOCIETY. 


'T^HE following papers have been read during the present 
month : 


June 2. — Microscopical observations on tlie materials of the 
brain, ova, and testicular secretions of animals, to show the 
analogy that exists between them. By Sir Everard Home, 
Bart. V.P.R.S. 
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June 9.— Description of a method of determining the direc- 
tion of the meridian. By Johii Pond, Esq. F.R.S. Ast. Roy. 
— Further researches on the preservation of metals hy electro- 
chemical means. By Sir Humphry Davy, Bart. P.R.S. 

At this meeting, MM. Bessel, Encke, Chaptal, Fresnel, and 
Brongniart, were elected foreign members of the Society. 

June 16. — On some new compounds of carbon and hydro- 
gen, and on certain other products obtained during the de- 
composition of oil by heat. By M. Faraday, F.R.S. — Ac- 
count of the repetition of Mr. Arago’s experiments on the 
magnetism developed in various substances during the act of 
rotation. By Charles Babbage, Esq. F.R.S. and J. F. W. Her- 
schel. Esq. Sec. R.S. — Experiments on magnetism produced 
by rotation. By S. H. Christie, Esq. M.A. F.B.S. — On the 
annual variation of some of the principal fixed stars. By John 
Pond, Esq. — Description of an improved hygrometer. By 
Mr. lliomas Jones. Communicated by Capt. kater, F.R.S. — 
On the nature of the function of mortality, and on a new mode 
of determining the value of life contingencies. By Benjamin 
Gompertz, Esq. F.R.S. 

The Society then adjourned to the 17tb of November 
next. 

LINN^AN SOCIETY. 

June 7. — Some communications were read from Lieut. J. 
H. Davies, and Charles Wilcox, Esq. relative to a species of 
Mitylus {M. bidens) found in great Quantity adhering to the 
bottom of H. M. ship Wellesley, built at Bombay, and. which 
has been lying in Portsmouth harbour ever since 1816. It seems 
to be quite naturalized there, and to propagate abundantly. 
Also a j)aper On the crepitacula and organs of sound in 
orthopterous insects ; and particularly in the Locusta camellia 
folia^ a description of which is subjoined. By the Rev. Lans- 
down Guilding, B.A. F.L.S. 

June 21. — Read, A descriptive catalogue of the Australian 
birds in the cabinet of the Linnaean Society. By Thos. Hors- 
field, M.D. F.L.S., and N. A. Vigors, Esq. F.L.S. In the 
introductory remarks, the writers express their confident ex-^ 
pectation that the deficiency of our knowledge of the habits of 
the birds of Australia may be in great measure supplied by 
the exertions of Mr. MacLeay during his residence in that 
country, for which he is shortly about to depart.— -Read also, 
A notice on a peculiar property of a species of Echinus. By 
E. T. Bennett, P.L.^. Communicated oy the 2k>ologtcal Club 
of the Linnoean Society. 
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, May 6. — A paper was read entitled “ A brief description 
of an extensive hollow or fissure, recently discovered at the 
quarries near the extremity of the Western Hoe, Plymouth 
by the llev. Richard Hennah. 

In this communication the author describes an extensive 
hollow or cave in the limestone rocks near Plymouth, in which 
no remarkable bones have yet been discovered, but in which 
stalactites are particularly abundant. Mr. Hennah offers some 
remarks on the various causes and circumstances which have 
contributed to give to these stalactites their different shapes 
and compositions. 

A paper entitled “ On a dyke of sex-pentine, cutting through 
sandstone in the county of Forfar by Charles Lyell, Esq. 
Sec. G.S. was read in part. 

May 20. — The above paper was concluded. 

In the former part of this paper, the rocks which are ex- 
posed on the left bank of the Carity, a small river in Forfar- 
shire which descends from the mica-schist district of the 
Grampians into Strathmore, are described. The first of these 
is a clay-stone porphyry ; next to it is a conglomerate contain- 
ing quartz pebbles ; and then strata of fine-grained micaceous 
sandstone and shale dipping to the south, and which are sud- 
denly cut off at an angle by the serpentine. These strata of 
sandstone and shale form part of a great series which overlies 
the clay-slate, to which it immediately succeeds ; and is older 
than the great conglomerate of the old red sandstone, which 
lies immediately upon it. The serpentine is vertical, and is 
well characterized. It contains in part veins of asbestos, and 
in parts diallage, and a large mass of hypersthene. On the 
other side of this dyke of serpentine, which is 90 yards thick, 
fine-grained sandstone and conglomerate again appear, and 
slip away from the serpentine towards the south. Next to these, 
a mass of serpentine is seen mixed with dolomite, and at its 
side altered sandstone and a conglomerate in which the quartz 
pebbles are split and re-united by ferruginous matter. Lastly, 
at a short distance a dyke of greenstone parallel to the serpen- 
tine occurs, flanked on both sides by vertical masses of sand- 
stone and conglomerate much altered and indurated, and 
charged with brown spar. 

Mr. Lyell next describes the rocks on the right bank of the 
river, which resemble those on the left, with one exception, viz. 
that the great dyke of serpentine seems to be connected with 
the mass of dolomitic serpentine, a thin bed of fine-grained 
greenstone alone intervening, and the sandstone and conglo- 
merate, 
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nierate, which appeared between them on the opposite side, 
being absent. 

In conclusion, the author traces this dyke of serpentine, 
pursuing its course in a direct line to the N.E. and S.W. of 
the locality in which it occurs on the CariU’. It is found re- 
curring at intervcxls for the space of at least fourteen miles from 
the bridge of Cortachic to BamfF, near Alyth, in Perthshire. It 
is always unconformable to the strata through which it passes, 
and its course is never interrupted by any other rock. 

A notice was then read, On the serpentine of Predazzo ; 
by J. F. W. Herschel, Es(i. 

In this communication the author mentions that at Canzocoli, 
near Predazzo, in the Tyrol, xvhere a junction is seen of a 
granite-form sienite with dolomite, a layer oi* serpentine is 
found to' intervene between the sienite and the dolomite. 

The dolomite dips at an angle of 50® or 60® beneath the 
sienite, and near the junction an alternation takes place in its 
mineralogical character ; as it presents, instead of its usual 
highly crystallized saccharine structure, a flaky and very 
talcose appearance. The incumbent sienite is no fess nflected. 
Its grain is smaller, and it is intersected with innumerable 
veins parallel to the plane of junction, of a white mealy sub- 
stance, which partly dissolves with effervescence, and partly 
gelatinizes with nitric acid. In the midst of this white substance 
occurs the thin lamina of serpentine, which is extremely well 
characterized. The whole of the transition from the sienite 
to the dolomite takes place within a thickness of about 18 
inches or 2 feet. 

A notice was read. On carbonate of copper, occurring in 
the magnesian limestone at Newton Kyme, near Tadcaster ; 
by William Marshall, Esq. M.G.S. 

The green carbonate of copper, found by the author in a 
large quarry of magnesian limestone near Tadcaster, runs 
through the limestone in thin veins, dipping to the west, the 
dip of the limestone being in the same direction, but at a less 
angle. At Farnham, a small village two miles N. W. of Knares- 
boroiigh, which is also in the magnesian limestone, a conside- 
rable quantity of copper was formerly obtained : and these are 
the only two instances in which Mr. Marshall has heard of 
any of the ores of copper having been found in the magnesian 
limestone. 

June 3. — A paper was read, entitled ‘‘ Remarks on qua- 
drupeds imbedded in recent alluvial strata by C. Lyell, Esq,, 
Sec. G.S. 

In a former communication to the Society, the author had 
stated that he had found it diflScult to explain the circumstances 

under 
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under w^hich the remains of quadrupeds were very generally 
found imbedded in the shell marie in Scotland, often at con- 
siderable depths, and far from the borders of those lakes in 
which the marie is accumulated. 

These animals must have been drowned when the lakes 
were of a certain depth. Their bones are found in the marie, 
unaccompanied by sand or gravel or any proofs of disturbing 
forces. From the shape of the surrounding land in some in- 
stances, it appears that floods could not have swept them in ; 
and from the occasional absence of rivers flowing into others, 
th^ could not have been washed in by them. 

The autlior therefore suggests that they were lost in attempt- 
ing to cross the ice in winter, the water never freezing suffi- 
ciently hard above the springs to bear their weight, and springs 
abounding always in those lakes in Forfarshire and Perthshire 
in which marie is deposited. 

The skeletons of some of the animals found in the shell 
marie in Forfarshire are in a vertical position, but some are 
not. The same circumstance has been remarked with regard 
to the elks occurring in the marie in the Isle of Man. Of these 
facts Mr. Lyell offers the following explanation. 

Cattle which are lost in bogs and marshes sink in and die 
in an erect posture, and are often found with their heads only 
appearing above the surface of the ground. When therefore 
a lake in which marie is deposited is shallow, the quadrupeds 
which fall through the ice sink into the marie in tlie same 
manner, and perish in an upright posture, but when the lake 
is deep and the animals are dead before they reach the bottom, 
they become enveloped in the marie in any position rather 
than the vertical. 


HORTICULTURAL SOCIETY. 

May 2. — The Anniversary of the Society, the President 
(Thomas Andrew Knight, Esq.) in the Chair. The following 
were chosen officers for the ensuing year. 

President : Thomas Andrew Knight, Esq. — Treasurer : 
John Elliot, Esq. — Secretary : Joseph Sabine, Esq. — Assistant 
Secretary : Mr. John Turner. 

The following gentlemen were elected into the vacancies in 
the Council. 

The Duke of Bedford ; Alexander Seton, Esq . ; Mr. JaHies 
Young. 

. The following Members of the Council were appointed Vice- 
Presidents for me ensuing year. 

The Earl of Aberdeen ; Jobn Elliot, Eso. ; Robert Henry 
Jenkinson, Esq.; Alexander Henderson, M.D. 

May 3. 
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May 3. — A paper was read on the construction of pine 
pits worked by steam. By Mr. Willisim M'^Murtrie. 

May 17. — The following papers were read : Description of 
a grape-house adapted for early forcing, by Mr. A. Wilson. 
— Description of American fruits, of which trees have been 
transmitted to the garden of the Horticultural Society of Lon- 
don, by Mr. Michael Floy of New York. — On the cultivation 
of strawberries, by the President. 


ASTRONOMICAL SOCIETY OF LONDON. 

June 10. — The reading of Mr. F. Daily's Introduction to his 
new Tables for determining the apparent places of about '3000 
fixed stars was resumed and completed. This copious intro- 
duction commences with a historic sketch of the most important 
tables which have hitherto been published for similar purposes ; 
none of which, however, are so extensive as the tables to which 
the present paper is introductory. They comprehend, first, 
all stars, not less than the Jifth magnitude, wherever situated ; 
secondly, all the stars, not less than the sixth magnitude, si- 
tuated within 30° of the equator; thirdl}", all the stars, not less 
than tha seventh magnitude, situated within 10° ofthe 

After a few general observations, Mr. Daily speaks, in suc- 
cession, of the distinct topics of aberration^ annual j>recessi(m^ 
and nutation ; exhibiting the analytical formulse which have 
been proposed for the computation of their respective values 
at any time (past, present, or future) ; assigning the reasons 
for the adoption of those values of the constants which he has 
])referred; and so transforming the several formula?, as to fa- 
cilitate and effect their reduction into one class, of comparative 
sim}ilicity, which forms the basis of the tables themselves. 
Thus the total corrections for right ascension and declination 
respectively, assume the forms 

Aa=Aa^-f-BZ»-f Cc-fDrf 
AS- Aa'-f-B6' + Cc'+D<i' 

where the quantities denoted by a^ c, rf, and the accentuiited 
a\ b% c\ d\ are constant for each star, while the quantities 
A, B, C, D, are common to every star. The quantities A, B, 
are rendered equally constant for all the stars by the assump- 
tion of a fictitious year, commencing at that moment when the 
sun’s mean longitude at Greenwich at mean noon on Jan. 1 is 
281°; which is, therefore, assumed as the tabular date; and 
the mode of adopting it to the current date is explained. 

The author then explains the arrangement and use of the 
tables. The general catalogue of the stars is arranged in the 
order of the right ascensions, and reduced to Jan. 1, 1830. The 

left 
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left liand page is confined to tlie right ascmsions^ the right 
hand page to the declinatiom. Col. 1, on the left hand, ex- 
'hibits the numbers of the stars. Col. 2, the names ; to which 
are prefixed Flamsteed’s numbers, and the letters of the alpha- 
bet, by which they are usually distinguished. Col. 3 denotes 
the magnitudes of the stars. Col. 4, the right ascensions, in 
time^ for Jan. 1, 1830. Col. .5, the annual precession in time. 
The remaining columns contain the logs, of 6, c, d^ each 
previously divided by 15 to reduce them to time. 

On the right hand page, Col. 1 is the same as Col. 1 on the 
left hand. Col. 2 exhibits the declinations of the stars for 
Jan. 1, 1830. Col. 3 annual precession. Cols. 4, 5, 6, 7, the 
values of a', h\ o', d\ Then there are two columns headed B 
and P, denoting the corresponding numbers in the catalogues 
of Bessel and Piazzi respectively ; while the last column is re- 
served for those which are to be found in Hcvelius, Lacaille, 
Ma 3 'er, Zach, &c. 

There are several subsidiary tables, which Mr. Baily also 
succinctly explains ; and he further developes the principles 
of correction for proper motion^ &c. when necessary. 

The general rule for the use of the tables is this : viz. Take 
out from the general catalogue, and opposite the given star, 
the logarithms of <7, 5, c^ and a\ b\ c , d', with their proper 
signs; and from the subsidiary Tables I. and 11. opposite the 
given day, the logs, of A, B, C, D, with their proper signs ; 
which must be written down under the preceding logarithms : 
then add each pair A, a ; &c. ; together ; and take out 

respectively the natural numbers corresponding to the sum of 
the two logarithms ; and (observing that the signs only affect 
the resulting natural numbers) incorporate them addition 
or subtraction accordingly ; the amount will be the total cor- 
rection required ; that arising from or, 5, c, being the cor- 
rection in JR ; that from a', P, d, d!y the correction in decli- 
nation. Thus, the whole of the corrections are obtained with- 
out a reference to any other work, except a small table of 
logarithms. 

The tables are arranged to mean solar time, which, it is 
presumed, will extend their utility. And it may be observed, 
that, by way of artificial memory^ to facilitate the recollection 
of the precise subject to which each column refers (as in B 
for Bessel, P for Piazzi, already mentioned), Mr.' Baily has 
made A B represent the quantity by which the KRerration is 
determined, C the quantity by which the p7'eCession is deter- 
mined, and D that by which the Deviation (or Nutation) is 
determined. These contrivances, though avowedly subordi- 
nate, will not be despised by those who know how much the 

pursuits 
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Roj^al Academy of Sciences of Paris. 

pursuits of science are at all times promoted by^he intro- 
duction of a happy technical mnemonics. 

After the reading of diis elaborate and interesting paper, 
the Society adjourned to Friday the 11th of November next. 


ROYAL ACADEMY OF SCIENCES OF PARIS. 

March 14*. — M. Deyeiix made a report on the means for 
preserving fresh butter : (these means are neither novel nor 
efficacious.) — M. Mathieu gave an account of a work on Per- 
spective, and of its application to surveying and to military in- 
vestigations, which M. Boscary, an officer in the artillery 
service, had presented in December last. The author will 
be invited to continue his researches. — M. de Humboldt con- 
cluded the reading of his memoir on some physical phenomena 
presented by the Cordillera of the Andes of Quito and the 
eastern part of the Himalayah. — M. Cuvier read a memoir on 
the Myripristis, a new genus of fish of the family of the 
Perches, remarkable by the connexion of its swimming-blad- 
der and of its ear. — M. Auzout presented a specimen of ar- 
tificial anatomy.— M. Babinet read a memoir on a new method 
of discovering the masses of the planets. 

March 21. — The Academy received the following works in 
manuscript: Memoiron the composition of new water-cements, 
and on the general theory of mortars, by M. Girard ; Trea- 
tise on the hyper-arch isophic and the olo-palingenic calculus, 
by an anonymous writer ; New arrangement of the animal 
kingdom, by M. Lamouroux. — M. de Humboldt presented a 
new vertical section of the south of Germany and of France, 
extending from the Black Forest to Paris, founded on a 
barometric levelling by MM. d’Ogelausen, La Roche, and 
Decheux, engineers du Corps des Mines of Prussia. — M, 
Cauchy made a report on a memoir by M. Brisson, entitled, 
“ New researches relative to die integral calculus of jiartial 
differences The concluaions of this report were not adopted 
by the Academy. — M. Cuvier read a memoir on the fresh-w'ater 
fishes of India, which have the faculty of living a long time 
out of water ; and on the organs from which they derive this 
faculty.— M. Guillemain read a memoir on the pollen of plants 
and on the generation of vegetables. 

March 28. — M. de Humboldt presented to the Academy, 
in the names of MM. Noeggerath and Bischof, a specimen of 
meteoric iron, weighing 3400 pounds, found on the summit of 
a hill at Bitburg, near Treves. This mass contains nickel 
and sulphur, but neither chrome nor carbon*. — M. G. de St. 

* MM. N<rggcrat1f s and BischoC's memoir on this mass forms the first 
article of our present Number. — Edit. 

Vol. 65. No. 326. Jtine 1825. 3 N Hilaire 
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Hilaire exhibited the head of a monstrous colt, foaled two 
days before at the Royal School of Alfort. — M. Gaudin, of 
Nantes, presented a memoir 6n the nature of negative quan- 
tities. — M. Traulle read a sketch on the Deluge, on its conse- 
quences, and its producing cause ; and on the occurrence in 
tne north of the two continents of the bones of animals be- 
longing to southern climates. 


I^XXVL Intelligence and Miscellaneous Articles. 


ASTRONOMICAL INFORMATION. 

PROFESSOR SCHUMACHER, whose whole time seems 
devoted to the promotion of astronomy, has recently 
published a work which will be highly useful to astronomers 
in general. It may be recollected by most of our readers, 
that the French Government published in 1801 a work con- 
taining fifty thousand observations of stars, made at the Ecole 
Militaire in Paris, by Lefran^ois Delalande, nephew of the 
celebrated Lalande, between the years 1791 and 1801, with 
a quadrant having a radius of 7 J feet. About 12,000 of these 
stars have been reduced, and published at various times in 
the volumes of the Connaissance de Terns ; but the remainder 
have been of little or no use to astronomy, on account of the 
labour of determining the corrections necessary to be applied 
to bring them up to a given epoch. This labour is saved by 
means of the work in question. It is entitled Tafcln znr llc’- 
duction der in der Ilistoire Celeste enthaltemn heobachtungen^ 
in one small volume' octavo. The plan was first suggested 
by M. Bessel in the Astron. Nachrichteiij No. 2 ; and has been 
executed by Messrs. Hansen and Nissen, under the direc- 
tion of M. Schumacher. The rule for the reduction is very 
simple ; being nothing more than the addition of tliree (pian- 
tities found in the tables, and which are taken almost by in- 
spection. So that a person may, in a very few seconds, re- 
duce any of the observations to the common epoch 1800. 
The work is dedicated to the Astronomical Society of London. 


NEW COMET. 

M. Gamburt, director of the observatory at Marseilles, dis- 
covered a small comet in the head of Cassiopea on the morn- 
ing of May 19th. It appeared as a. nebula of about 2' in dia- 
meter ; round, wd well defined. Its right ascension at that 
time was 20™, and its declination 48® 22' north. On June 
1st, about midnight, its right ascension w^as P 51™, and its 

declination 
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declination 73® 29 . So that its motion in declination ap- 
pears to be about 2° per day. We do not find that it has 
yet been seen in this country. 

HEIGHTS OF PLACES IN PKEANG (java) REGENCV. MEASURED 
BY M. REINWARDT. 

English feet. 


Buitenzorg . 865 

Megamendoii 4,848 

Salak 7,172 

Gede 9,075 

Pontjak Karang(dist. of Tjihea) 2,774 

Patocha (dist. of Tjisondarie) 7,407 

Tonibak Radjoiig (ditto) 6,291 

Villa^ of Tjiwednij (ditto) . ....... 3,572 

Northern Peak of Tiloe (dist. of Banjaran) . . 5,425 

Southern Peak of ditto (ditto) 6,034 

Kainpong Lainadjam (ditto) 3,169 

Kainpong Malabar (ditto) 3,363 

Mountain of ditto (ditto) . 6^621 

Village of Banjaran (ditto) 2,534 

Kainpong Marajoii (dist. of Ijiparay) .... 3,035 

Kanpong Nenkellen (ditto) 3,742 

Head of the Tjitaruin river (dist. of Manaluiija) . 4,645 

Sumbong (ditto) 5,593 

Tjikaraha (ditto) 4,017 

Goeiiong Goentoer (dUt..of Tiinanganten) . . 6,085 

Telaga Bodas (dist. of Wanaradja) 5,497 

Village of Trogong (dist. of Timanganten) . . 2,350 


Vrrha7idel, v, hot Batav. Genootschap. — Asiat. Journ, 


tiya:na caves in Devonshire. 

Professor Bucklaiid has lately examined two caves in De- 
vonshire, in both of which he found, in a bed of mud beneath a 
crust of calc-siiister, gnawed fragments and splinters of bones, 
with teeth of hyaenas and bears. There were no entire 
bones, except the solid ones of the toes, heels, &c., as at 
Kirktlale, which were too hard for the teetli of the hyaena. 
They apjiear simply to have been dens, but less abundantly 
inhabited than that of Kirkdale. In the same cave. Professor 
Buckland found one tooth of the I'hinoceros and two or three 
only of the horse. — Edin. Phil, Jowit, 


CURIOUS ANECDOTE OF A HEDGEHOG. 

The following curious circumstance, witnessed by Professor 

3 N 2 Buckland 
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Buckland, is related in a paper on the Habits of Animals, by 
Mr. Broderip, in the Zoological Journal^ No. V. 

Having occasion to suspect that hedgehogs, occasionally 
at least, preyed on snakes, the Professor procured a common 
snake {Colnher natrix) and also a hedgehog which had lived 
in an undomesticated state some time in the Botanic, garden 
at Oxford, where it was not likely to have seen snakes, and 
put the animals into a box together. The hedgehc^ was rolled 
up at their first meeting : but the snake was in continual mo- 
tion, creeping round the box as if in order to make its escape. 
Whether or not it recognised its enemy was not apparent ; it 
did not dart from the hedgehog, but kept creeping gently 
round the box ; the hedgehog remained rolled up, and did not 
appear to see the snake. The Professor then laid the hedge- 
hog on the body of the snake, with that part of the ball where 
the head and tail meet downwards, and touching it. The snake 
proceeded to crawl, — the hedgehog started, opened slightly 
—and, seeing what was under it, gave the snake a hard bite, 
and instantly rolled itself up again. It soon opened a second 
time, repeated the bite, then closed as if for defence ; opened 
carefully a third time, and then mflicted a third bite, by which 
the bacK of the snake was broken. This done, the hedgehog 
stood by the snake’s side, and passed the whole body of the 
snake successively through its jaws, cracking it, and breaking 
the bones at intervals of half an inch or more ; by which ope- 
ration the snake was rendered entirely motionless. The hedge- 
hog then placed itself at the tip of the snake’s tail, and began 
to eat upwards, as one would eat a radish, without intermission, 
but slowly, till half of the snake was devoured, when the hedge- 
hog ceased from mere repletion. During the following night 
the anterior half of the siiake was also completely eaten up. 


EXPLANATION OF AN OPTICAL DECEPTION : BY DR. ROGET. 

A curious optical deception takes place when a carriage- 
wheel, rolling along the ground, is viewed through the in- 
tervals of a series of vertical bars, such as those of a palisade, 
or of a Venetian window-blind. Under these circumstances 
the spokes of the wheel, instead of appearing straight, as they 
would naturally do if no bars, intervened, seem to have a con- 
siderable degree of curvature. The distinctness of this appear- 
ance is influenced by several circumstances presently to be 
noticed ; but when every thing concurs to &vour it, the illusion 
is irresistible, and, from the difficulty of detecting its real 
cause, is exceedingly striking. 

Tte degree of curvature m each spoke varies according to 
the situation it occupies for the moment with respect to the 

perpendicular 
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perpemlicular. The two spokes which arrive at the vertical 
position, above and below the axle, are seen of their natural 
shape, that is, without any curvature. Those on each side of 
tlie upper one appear slightly curved ; those more remote, still 
more so : and the curvature of the spokes increases as we fol- 
low them downwards on each side till we arrive at the lowest 
spoke, which, like the first, again appears straight. 

The most remarkable circumstance relating to this visual 
deception is, that the convexity of these curved images of the 
spokes is always turned downwards on both sides of the wheel ; 
and that this direction of their curvature is precisely the same, 
whether the wheel be moving to the right or to the left of the 
spectator. 

In order to discover a clue to the explanation of this phseuo- 
menon, it was necessary to observe the influence which certain 
variations of circumstances might have upon it ; and tlie fol- 
lowing are the principal results of the experiments I made for 
this purpose. 

1. A certain degree of velocity in the wheel is necessary to 
produce the deception above described. If this velocity be 
gradually communicated, the appearance of curvature is first 
perceptible in the spokes which have a horizontal position : 
and as soon as this is observed, a small increase given to the 
velocity of the wheel produces suddenly the appearance of cur- 
vature in all the lateral s{)okes. The degree of curvature re- 
mains precisely the same as at first, whatever greater velocity be 
given to the wheel, provided it be not so great ns to prevent 
the eye from following the spokes distinctly as they revolve ; 
for it is evident that tiie rapidity of revolution maybe such as 
to render the spokes invisible. It is also to be noticed that, 
however rapidly the wheel .revolves, each individual spoke, 
appears, during the moment it is viewed, to be at rest. 

2. The number of spokes in the wheel makes no difference 
in the degree of curvature they exhibit. 

3. The appearance of curvature is more perfectly seen when 
the interval between the bars through which the wheel is 
viewetl are narrow, provided they are sufliciently wide to allow 
of the distinct view of all the parts of the wheel in succession, 
as it passes along. For the same reason, the phamomenon is 
seen to the gi'eatest advantage when the bars are of a dark co- 
lour, or shaded, and when a strong light is thrown upon the 
wheel. The deception is in like manner aided by every cir- 
cumstance w'hich tends to abstract the attention from the bars, 
and to fix it upon the wheel. 

4. If the number of bars be increased in the same given 
space, no other difference will result than a greater multiplica- 
tion 



470 


Explanati<m of an Optical Deception^ 

tioii of the curved images of the spokes; but if a certain rela- 
tion be preserved between the angles subtended at the eye by 
die whole intervals of the bars, and of the extremities of the 
spokes, this multijdication of images may be corrected. The 
distance of the wheel from the bars is of no consequence, unless 
the latter are very near the eye, as in that case the apertures 
between them may allow too large a portion of the wheel to be 
seen at once. 

5. If the bars, instead of being vertical, are inclined to the 
horizon, the same general appearances result, but with this 
difference, that the spokes occupying positions parallel to the 
bars are those which have no apparent curvature; while the 
curvatures of the other spokes bear the same relations to those 
straight spokes, and to each other, that they did in the former 
case. When the inclination of the bars is considerable, how- 
ever, the images become more crowded, and the distinctness of 
the appearance is thereby diminished. The deception totally 
ceases when the wheel is viewed through bars that are parallel 
to the line of its motion. 

6. It is essential to the production of this effect that a com- 
bination should take place of a progressive with a rotatory mo- 
tion. Thus, it will not take place if, when the bars are sta- 
tionary, the wheel simply revolves on its axis, w ithout at the 
same time advancing; nor, when it simply moves horizontally, 
without revolving. On the other hand, if a progressive mo- 
tion be given to the bars while the wheel revolves rbiind a 
fixed axis, the sjjokes immediately assume a curved appear- 
ance. The same effect will also result if the revolving w'heel 
be viewed through fixed bars by a spectator who is himself 
moving either to the right or left, because sncli a movement 
on the part of the spectator produces in his field of vision an 
alteration in the relative situation of the bars and wheel. 

It is evident from the facts above stated, that the deception 
in the appearance of the spokes must arise from the circum- 
stance of separate parts only of each s})oke being seen at the 
same moment, the remaining parts being concealed from view' 
by the bars. Yet, since several parts of the same spoke arc 
actually seen in a straight line through the successive aper- 
tures, it is not so easy to understand vniy they do not connect 
themselves in the imagination, as in other cases of broken 
lines, so as to convey the impression of a straight spoke. The 
idea at. first suggests itself^ that the portions of one spoke, thus 
seen separately, might possibly connect themselves with por- 
tions of the two adjoining spokes, and so on, forming by tlieir 
union a carved image made up of parts from diffSerent succes- 
sive spokes. But a little attention to the phs^nomena will show 
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that such a solution cannot apply to them : for when the disc 
of the wheel, instead of being marked by a number of radiant 
lines, has only one radius marked upon it, it presents the ap- 
pearance, wdien rolled behind the bars, of a number of radii, 
each having the curvature corresponding to its situation ; their 
number being determined by that of the bars which intervene 
beftween the wheel and the eye. So that it is evident, that the 
several portions of one and the same line, seen through the in- 
tervals of the bars, form on the retina the images ot so many 
different radii. 

The true principle, then, on which this phenomenon de- 
pends, is the same as that to which is referable the illusion that 
occurs when a bright object is wheeled rapidly round in a circle, 
giving rise to the appearance of a line of light throughout the 
whole circumference ; namely, that an impression made by a 
pencil of rays on the retina, if sufficiently vivid, will remain for 
a certain time after the cause has ceased. Many analogous 
facts have been observed with regard to the other senses, 
which, as they are well known, it is needless here to particu- 
larize. — Phil. Trans. 182*5. 


ENGRAVING ON ZINC. 

There has lately been published by Leske the bookseller, 
at Darmstadt, the first large work of which the plates are exe- 
cuted in zinc. It is a collection of monuments of architecture, 
which wilt consist of twenty numbers. The w^ork is done on 
zinc in the same manner as on stone, and the expense of en- 
graving is thus avoided : hence the publisher has been enabled 
to sell the number, consisting of twelve folio plates, at five 
francs upon common paper. In an economical point of view, 
this method, therefore, deserves to be recommended. We see 
by the German journals, that M. Eberhard, author of the 
collection in question, has recently published a pamphlet upon 
the use of zinc, with the view of replacing copper-plates and 
lithographic stones, for engraving and designing. 8vo, with 
10 plates. (Darmstadt, 1824.) E(Hn.Phil.Jour7i. 

LIST OF NEW PATENTS. 

To William Henry James, of Cobotirg Place, Winson Green, near 
Birmingham, engineer, for improvements in anparutiis for diving uniiler wa- 
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To John Frederick Smith, of Dunston Hall, Chesterfield, Derbyshire, 
esq., for certain improvements in machinery for drawing, roving, spinning, 
and doubling cotton, wool,&c.—2l8t June.— 6 months. 
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Sktdting, and walking, 250 

Smith, (M.) on new terms in geometry, 
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Smith, (Sir J. £.) answer to Mr. J. 
Lindley on vegetation, SO 
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hi the 23 

South America, researches in, 304 


Sguhre, (T.) on pendulums, 38 

Star, falling, seen at mid-day, 394 
engraving on, 421,426 

.Stafi plates, menstruum for bitiog-in on, 

421 

Stockton, (J.) on the locality of rain, 287 


Sturgeon, (W.) on the galvanic current^ 
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Z. on functional equations, 101 ; on 
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Tabanus, 43 
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Telescoi)e, Frauenhofer's, 317 

Tetramcrous and Trimerous Coleoptera, 
tarsus of, 136, 193 

Thomson*s lunar tables, 292 

TiUoch, (Dr.) obituary of, 134 

Titamum, method of extracting, 200 ; 

in- mica, 230 

Transit instrument, on finding the la- 
titude by means of, 354 

Trigmometrical formula, demonstra- 
tions of. 181 

Turner, (C.) on mezzotinto engraving 
on steel, 426 

Turrell, (£.) on engraving on steel, 
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Fauuxem, (L.) on the marmoliie of 
Nuttall, 88 ; on the fused carbon of 
Sillimao, 283 

FauqueHn, (M.) on titanium in mico. 
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Fegetaiion, theory of, 30 

Figors, (N. A.) on ScoIojko: Sabini and 
Anas glodtans, 433 
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. phurett^ hydrogen, and water in, 
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Foyage of Discovery, Beechey's, ^)94 
Walrus, pneumatic mechanism in the 
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Ward, (L. T.) on Mr. J. Herairath's de- 
monstration of the binomial theorem,* 
432 

Weights and Measures, new, 147 

Weldon's Chemistry, 291 

Wooden j)enduhivu-rods, 38, 41 

Yates, (Rev. J.) on the geology of the 
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Zenith micrometer, Babbage's, 218 
Zinct engraving on, 471 
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